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X. iKTROixjcnai 






Export l8 the first ih a serif.^ of ^tletiiiled quis^fii^lve 



stulli^s' at^i^a^iii^' to^ ahalyae second langib^ learning Ih te^m of ^i^ijgidus- 
response theory. It Is the Joint work of structural HhgolBts and aitlift 
mt'l^l phenologists. ' 

tW.s flrs^ Report Is conceined with: a ^jimtltative nndJy 
MB~ ^ Ru^iim consonant dlserliidhatibns p6isition*h^^t^^ 



h 






Mgiish. ' The selection of theMtei^als'stik^^^^^ 



de^lS^d'in Action on ^1^^ 4d4n 4n 



of 



’^thS j^lSce^fiaii iili^ The section Rj^riaientai Rfe^lw 11-4 
acSofiSfc /cf"' 'th¥%tihtitat^ .thih’'''aj!n 









nekt' section^ Id 



: f* .> 




'^'^j^^ya&“is'''alsO' htiHkM-'iin'^iB seidti^^ 

^ lli^iitio' 'insults -’piniehtr- somfe ' 

the most important aim of the study is to apply a mathematical" 
leaa^lni\o sec6i^" languh hare 

hiett placid iii thi 'tectlbh on QMtolii»^ive ipplllsitibld^ 






'Ifiiih# the'f^l section bf'‘thli Repolii,'ih''6^ef 'tb'‘'ltadlft thl^hfoibr tlpects 



^yvfyViffr P r'/ 



or the s' 



more accessible to lingiiists and other Waders 



<*? i 



l^lmarih ihtei^sted in this feature Of the worhv 



a f .gi < ij .- * , 



‘ references of works" utilised ih the study, 

"■'al ^il"tti''¥efei^hce‘''to'"‘iibfe geneiid 'referenced on teriln6ibh''^’i^''i^h-''“''“ 



4:%^ \ 



aM matheiaticai ieiumihg iheoiy* For linguistics, 
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c.' .Bush 

Before tuziiing to tlie details of the two 
jiept -to oalae js^ a)^t i% .o^ of 

this se^es ^of 6^^^ the fl^.ohsf m 

c^pi^ preff ht Jf . hy scoecw^ Intei^ste^ , ^ 

of* acQ3aa#tljWijr,rlt dqi^tft^that pxphOjwM. of adeas^^ 



ttthmT ±hwir\ the leamlBit of the siniDlest tjhooietlc. fiaberial.* Ife Ihd^d 

«lk Vfeat boiie is tbere of l»iog <bls to 



^ T^.T: i ^TT^TT^ 

I - ^"'i.V-" ■'■' -A vK'-;'-- .r;i "V'- r*jlf?' "''‘^lil.'t'^'tXlfl^?:, 

^ Our defuse. Is di slnple. Ve do pot In f aet. yet seeJup^ 



^■-'f f vl* -^* 1 * 




. tlf %n«^....§pop?ll,<;a^.._|^ A^ . 

ISW ^ doocept fdi^ti^ «^?^nts 

ln.t^^]^t,^..y^^ orj^ offer ^ s^ gfouhds for hpjpe^ htit ud 

nueh too far afield to ottjbllre our, present Ideae and 
At i^s satisfied to llB^t 

single rae-l^^eij . ®^«47 ^^Idtlyely ogoplloated . in cip^^fp fith 

the stlBwJ^B ij^etfrlal used In most learning e^ ,}f^ aleo^effO^lil^aEe 

that ve are more concerned to study quantitatively a fev lUndasiental 
prohlems than to produce mev pedagogical loaterlals Or rasultsniof -iaMddlate 

*' ; *'-i "j’* -t <'ti‘ .* ' f t - * -o-^ • * i*-? 

• ‘ ^ ^ 4 •• , J, ^ t Si ,4 ' ‘11 , , . ^ ^ ’<*..* fs 

^classrooia interest'^ •» l- ' ■' -»2<“ -■ 

." ' -■.-•-1 .. ■ ^^ r' , . - - , -■ i. .A ;,-,4' t’’’^'.'/ 

,'<■’ ' :■ '. ' x; ''■: , ‘'i!^ ’S’-ii'^ ■ 
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) 'A'j'^ Af‘ /'^ 






2. EXFSRXMEiriAL METHOD 

Tme aeeorlption8 of w tro experiments are presented separately* 









Saqperlment I 

. ^b^oies* Jtirenty Ur^Yerstty ai;t^^^i^^otory 

ensues j9|er\j^ is9 siCbJeots* E^.;^Jec^ ^tlYf^; 

,Qn]|y students vho did not speak ^ussliai vere eU^ft^? for 

for one4i*W 1^ 4^ ^ 






nn^-'j'',' ■ ’■ 






•A'. 



■'-.fe?' 



£ir*i*, 



tjfpd^^pib;^^^' ii^ - 



stj^^ ;to il<^ iftdYersity#^ S|3c-sta^ to 

y^fp:^ «rtJudi^;,^paniA f ^ 9*^: «Bd tifp yewfo respeotiYea^tii: Ail 

^^jee in ki^ school contixa^(J f<^ t«?^ IWuthree ®(arters 

ip .^t of , the s^n ^o j^artpd th^ of Spani^ in 

school^ five continued the language in college* One svitched to Oemanr 

Italian t>y one subject >iho lived In Italy for six ncaiths>jt;i|ewver}>^ -aliSO 
Studied French in higii school and coUegS; in addition to one ^(uarter of 

studyd^ Or Spat|dl|it^ i& hi^ school 

took up another foreign la n guage , in add^l<m*v;L..tPie language Occasionally 
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heard at home ware : Polish, Csech, Qll^ f<»e euibjaet 

each) and Gexnaa (tvo auh^ecte). Tvo eiOsjecta participated for tvo qioartera 
at Stanford In I^rance* One subject stutters* 

Materials * A hailc list of Ihissian syllalbles In phoneme trtt^rlptlon 
vas construcsted* Thete are 3^ Ix^tlal consonant phonemes (the ** j** indicates 
palatalisation): t,tj, c,ch, k, d,dj, g, f,fj; s;sj, 

ah, r,vj, S,aj, Sh, m,nj, n,nj, l,lj, r,rj, y/* rami 
/y*/ vaa not need hut phonemic sentience' /K?/ was tised. the list consisted 
of these consonants and the seqnence, foUoued hy the voiinl 
twif 1# *;^/r J acled l^ syl3tablas (a single bonscaumi^ by 

a ifia^ie wowei)^ wld.dh ars^ ^eedl^^ vmf there are Ikk subh sylliihlewi 
sene oT whlbh n?e i^lle^ in two dlfibi^^^^^^ 

!Iheee lAk i^Hshles werS grouped Into contrasting pairs dlil^fbt^i^ in 
the initial consonant phdnetae* ^Se contrasts will in ^Uiibteid by 
/^l^X * ®»s the donirasts were cliMislfled inib sSfk^iSich 

ordered In terms of enpected difficulty of dlscrtminabibn mod prodixctlbn 
for an American subject with no imoWledge of kussla^* ' A mief descrli^lon 
of the sets appears In Experiment It* the sets ju^d easiest wW^ bho^Sn 
for Sagperlment I* the estimates were based on the lln^sta* jud^heents pf 
relative dlfflciaty of pronunciation of the pairs, since little 



information ccnoemlng difficulty of discrimination was available* 
are the foUfiWlngl 



Type 



voicelesa : voiced plain fricatives 
voiceless : voiced plain st(^s 



Cysonent egntrasta 
/t ! v^ Sh : Sh, s : %/ 



/p • b, t J d, k : g/' 



w 



o 
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.... ■ 



iiJ' ' 



' %,'' rW 



t^g/' ladodidd 

/#/ wiA /s/. Ail flYe vditels n*re ifted «lt& ei^ai ^ the o^r eiiaeoittiit? 
c(mt»i^8> iiildxig A total of ^.6 CV conta^aits* From theise 26 octotw 
form /C^V^ ? ^ stlBRiliis items for 1 1^ 

the follcrtflng For eacai ccmtraiH;, the^j^^ s 

«^t?£ C£V^ : ana CgVg : CgV^ ■ 

'tito^^^aifs taxO "-oalliA -ttf <aima.t ' fairs^- siab#^- 

pfaoiieMii4^'-9iQcc^ - 

' i 1 V* ’ ‘ ^ ' V - 

tCiiit-UviwnnMft-; ;> W-C'lr-^gejfV;'^ 
xmeOi 1# 

the .first vUl he oaUed 8ariQv Cii>~ ^ . . . 

:}.:Si<K3iia ■ gs^5M>U 'Cflpied 

.-c:'-. K^^:r;®ieapia'!Aj^e’-<fl^ ^VOiloi'^iOiiis^ ana^‘~W*tKkMOhea^ 
.t-^vj:^g/'•1aJrae“'lmre''^t^ 'CoOHirailtW. ’«Mst''hi-'hdaft^ 

thit iwliofdilng 

consonant# In the case of /a, e> o^ u/ the different aJjjQPh^oP^s i^yii'iidch 
alihs to EngUdh n^ikerSr Btit the AlipF^i^e Of /l/ ai^ 

‘^-partiOulari^ marh^^ 

After- the pairs had been formed^ lists of pairs to'hi i^cOrded^^^^^ 
presentation to ther suhjeet sere constructed is foHovS# fif^ 

da7; three randomizations of-the cn:der of the minimal pair# 

For the second day> three nev randomizations ifere made# F6r the final three 



days, pairs Jsdgsd (sn tba bMls of pilot fvldanca, «od on Xlngulstlo 
ground^) to 1Pf too for furjUiar aaq^rlnmtatlon} ware allnlxiatad* 

20 /p : Is/, 20 /t : d/ and 02 A 5 «/ Pfdro vara retained* Six randoolsa- 

1 

tlons of these 52 pairs weie prepared for each of the Oast three days' 
material* One randomization of the pairs will he called a list * Idsts 
1-6 constituted the material for days 1-2, and Usts 7-24 for days 3-5* 

' . Recordings * T^ig h q]aallty tape recordixigs of the 24 lists of CV pairs 
vare made In a hearlOy^ sound-proofed room In the Division of Speech Pathology 
^Iftgy ^ at the Stanford )Mlcal School*^ Recordings 

sere nsdsjon Scotch 111 tape at 7*5 Inches per second using a hoom-ewimted 
, V 2$-W mloi^apho^ aa Anpeac 351 stereo tape recorder. !Che ; 

. .mlel^ophone uas plaped at a dlatancexOf 4-ln*^J^ «a •agls of H5^ txm 
thSii^ster's lips In oapder to air^ > -- 

. phcnuitlo.peah syllables vas held shove a wlnl i iaffl 1W resdii^* 

No attempt wae.no^ to equate jhoanetlc pea]^; j^stead^ w 
natural difference In vowel energy* The : levels, once established, were not 
changed dur ^ g the course of the recording* All recorded items (the CV pairs) 
vere self -approved hy the native apesher of Russian and by the monitoring 
linguist* , - ..v' •’ 

The native speaker lived in a Russian-speaking environment from birth 
(1906) until settlement in the United states In 1928 and has spoken Russian 
daily throughout her life* Her father vas bom In Moscow and her mother 
in Vladivostok* She has lived In. both cities, and Is from an upper socio- 
economic background* She received her secondary education in Russia, and 

^ We wish to acknowledge the assistance of the Speech Pathology end 
Audiology laboratory staff, and particularly the invaluable help 

of Professor Dorothy Huntington. 
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AT>p«ratu8 » The recorded nsterlal vas pdjQfed laack ipb « spi^^ 

Model 262SL* For playlog^ the hi^st ^s^ble volUBie setidiig used 
'Which still kept the sound tree traoL distortion* The tone vas asTivopriate3y 



j '*> 



adjusted. The yolnme and tone settings ipexe the ssne for all autbjects. 

- T ?->7 1 r-.-Xi 1% ' 

The oldier piece of eq]alpnent iih;'.Gh consisted of a 7?-ifactt la^p irlili 

a 1-ln. diameter green reflector a^ mounted on m IX-in. x 

hlack xaeti^ hox j^znitted idle esqperloienter to Oliver %- 




K Wi# 












tbe subject after eadh Incorrect response. The 1«^ 

the experlaaatef pressed a simple docnhell-type bulHxin. 

eqpipEed vildi the identical e^pnent^ and tifo subjects rtfdXj^ 






svx?.in:'% 5 trrs 11 " 20 t'-' - ! - 

currently, one in eac^ roon. 

Procedure . The iiibject eas seated facing idie Sdby 
distance of six feet. First he completed a ’fatten ^atloshiaire perttttning 

. ^ 'is '.•■■-/' ' '. - '.-'=■=■’ X'X" ^ ' yi-:- ■' -:-l - 

to his background in foreign languages. Then the foUoifing inst^ctiOns, 

, ;,i •>>'. .-r . , i. : i"--- -XJ :v>r:r: .-j: vS' 

recorded by a native American linguist eeze played over idle speaker* 

You will nofir hear pairs of syllables, one pair at a tine. Sacdi 
pa^^ll^ ^be, iollci^ed by a sliprt pause. Iilstan ^eafefully^^^aach ^ 
pair of i^Uables. Decide vhether the two syllables are the sane 
or d^f&rexrtiT If they aoiiad idie soiaid-X 

different, say "different". Answer each time, even ’lAen you are 
i^.juxe*^^ you are wrongs -the green light will flash 4i^' - 
li^t flash eas demonstral^ed) • If you are right, there will be 
nO^-^^aSb. ... ‘ '.:■ '' ’.i’-'- li--?-'; ; ' 



-Jp 



^erb,^ the subject was asbsd if he. had any questions about the procedure, 
(biestlons were answered by peraiiphrasing the appropriate portion <of the . : 
instructions. A 

Next, the CV pairs were playei one at a time over lo Md<yii<h»^ 



!Eh8 rate of preewatatlon vae 3^ pair# per nlnute, vlth a 3*^eec« pme 
pairs. The presentation pluM oont^^ Ol^^palrs 



r haftL^beftn^pz^sentid* 






i'l / 






Siqperlment II 












Only ‘Uie (dunges from Expertmimcit I will be noted* The aetltod of 
Experiment II differed from that of Baqperlnent I In the selection of «*- 

i. \ ^ t . *' •' ‘ ^ ^ ^ ’■ ytr 

'' ' J Z : A. ... - * • * . ‘ ' 

jects and stloulus material. 









r^y-t •*v * 



Suiblects. Twenty Stanford Ihiiverslty students, el^t from an tot^« 

, -V ^ ' I " ;• Ji wJX,i ‘ 

1 ', • - 

ductory logic class, and twelve who were secured through ml^pent 
bureau, aerved as subjects* Only students idio did not speah Bh*slsn were 












eligible for the eaqperlment. As In Experiment I, each «*Jec^aj^aa^ for 

ro, :-w.- - tir-rr J 5 -f;/ irnjJ?.; 

aM-ta*]X hour a*Uy for five eonaecutiv. O^r* ^ J6.00 

tlclpating In the eaqperlment* The subjects l a n g u age bachgnyi^^ 1^^^^ 



on . 






esqperlment did not differ appreciably from those In the prevloMp es^^rl^nt* 



is-ncK 



Seven subjects had studied Latin' in high school for two to three ye^s^ .a»A 
sGue of tliem continued the language at the Iftiiverslty* In addition all 
seven had tahm a modern language in high school and college * FTes^ was 






the language studied by most (elevexi), folloiwed by Spmxieh (elgh^^end 
German (simnk German was started by three subjects for dine wfter only 

I ~ . i - /, * - I ^ ~ * 

at the UtalversLty; :two studied Greek, azid one studied Italish In Addition 
to spending six months at Stanford-ln-Italy* In regard to isngesge back* 
ground ab home, one subject spoke Spanish frequently and another Hungarian 
occasionally* 

Materials * Again the stimulus items were CV pairs* The contrasts 



having the hl^pssst error rate in Ejqperiment I were retained, that Is, the 
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r , r . : ■ . — * ■ ; »i . 







_ ?';r- j f 



/p : b/ wad /t : d/ combined with all vovel phonaies, anl /k i g/ vith 

p:- :ru.X tnife v i .o 1 ., .-;i€;v£r.-is '-fsj' 

/a, o, u/. 



v‘lMi '?nJ 

In order to determine vhich contrasts were most difficulty and 



hence of greatest experimental intefi^'t^^ l^o pilot studies vere run. 
^p^trasta ix^lud^ 



:nii -^a'f .-difSo-iESB jiijePaB 



«#f ^op ost>1Kpg4 

nent II. 






Of the plain : pal^tplia^ ^ coptr^ tto, yoiceless and voiced 

Jtbil4Wtd Jiere^chO!^^ -s^y^ a..^,.z4>Lin„ add it ion 

and^'lid^^latir^ 7^ ; 1^/v dll of them iiiei^ cO&lbii]^ ^*5ftftif^/i7' i» 






‘dim^ty*^^ dlscidmihatlon/ Md ISte^i 4fe4 ' ^ ^ 



aihd^cdi»^htt^iWLth-7h/ aa ^addltib^ 

«vp|.j^(^tlte-f-dfih^iiea^^ iniilai' ^sifloas^ 

that“'ii, /a ‘ : td/^ coe&ined vith^hll five ^bfteitehr " 

■Of^' st^ ' j ^ fricative- vas' aldo usedy namely^ ‘ /k i x/j gi^Hnig' a list 
©f*25 lets 6f 4-doneeptS or 100^-j^lrs. !Ihe 52 paiii»' Ihii^ ptlot"dai6a~ 
had indicated -to be easiest vere elimixiated' after Say 
presented on all five -days were -Wie /k :‘ x^ z : *d, s^r ts;" p’*| ' 

pairs. niese contrasts included 4, k, 20 and 20 pain ^respectively; 
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The result# for the two ^q>eriiiiente are presented 
speaking, we first give the analysis of Item difficulty and then turn to 



groiy;> Individual learning data* 



r' 



I ‘ -'•f ^ 



J^xperlment I 









- •/* 

Tlhll^lW "^ffl<n^.ty - of consbnaht discriminations . Thble 1 indicates 
the dlfl^csjity ^ •tibe pairs classified according to their vowel aafil con* 
sonant members. For example, the ehtry itJCl6 at the Intersection oiif the 

and^^s^pfcoluim Is ittOpoHlcfe^ ^ errbi4 over ail presen* 
pi^ ffh' 

bli^ie^ lsfthi^^tia>Xe-'^^Wtc"’'that’'^rtai^ IfM^'Stre laii^ ot'i • 

^bl&^iclS^]^ was^ hot predated In 






II 



Gastev h>t.5 ji^jptj.^Bihia-’l^’atw^^b'hi^ 



ir>-; : nijSJX sdii-'tu 






,ri\ ,r?T i..fL, 






.Sp^ 



Tahiti ^ arreuBged t^ist^ite^ a^-of increasli^ dlffic^,;^^jdreadlng' p, 

from left :tp..rl^ sal p^ym 

were cci^puted from the ovciaU freguenpy. of err^ on the ocns^antvdis- < 
caF^^fldnatip^^ It wlU he recalled- that no /f ; nv/ or 

/g, : k/ p^lw were, presented ^th thej vowels /e/ or- /!/, and that, the : ; 
"easy** pair t^sjtthose, listed, to the first three rowa/ of t^ tabtoir^ 
presente^^Ottly to Wats 1*6. Fw 4-concepts presented In lists .1^ 
each.- totry to based on t60 observations (4 pairs x 20 subjects x $i lists). 
Similarly, for 4-concepts presented In all 24 lists, each, entry Is based 
on 1,9^^ observations. 

The table shows the following order of discrimination of consonant 
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TABIK 1 

Proportion of JBrrors in Experiment I on Each Set of fcny Paire 

which Present the Same Consonant Contrast and Contain 

1 ' 

the Seme Vowel 



Consonant 






Vowel 






Mean^ Lists 


Contrast 


e 


0 


u 


e 


1 


1-6 


7 -aif 


1-24 


It ! v/ 


.006 


.017 


.006 




- 


.010 






/b ! Z/ 


.010 


.013 


.015 


.010 


.029 


.015 






/sh ! zh/ 


.030 


.028 


.017 


.021 


b021 


.033 


- . 


m ' 


A ! 8 / 


.024 


.040 


.037 


- 


- 


• 0$7 


.022 


- 03 ^ 


A ! d/ 


.039 


.050 


.038 


.038 


.054 


.077 


•033 


.044 


/p 1 V 


.052 


.055 


.071 


.066 


.070 


.13? 


.037 


.063 


Mean, .Lists 


















1-6 


.042 


.053 


.059 


.063 


.081 








7 - 2 lf 


.028 


.035 


.030 


.032 


.038 








1-24 


.034 


.042 


.041 


.045 


.055 









^ The proportions are based on Lists 1-6 data for pairs presented only 
in Lists 1-6. and on Lists 7-2k data for pairs presented on all 2l»> 
lists. 



pair&y here listed in ascending order of difficulty: /f : v, s : 
sh : zh, ^ : Bf t : d^ p ; b/. As for the vowels, /a/ is the easiest, 
followed by /e, o, a/ which are of about equal difficulty, emd /i/ which 
is the most difficult. Two analyses of variance were performed to deter- 
mine (a) whether the consonants differed significantly from one another 
in difficulty, and (b) whether the vowels differed significantly i^om 
one another in difficulty. 

The first analysis of variance involved the data from Idsts 1-6 for 
the /a, o, u/ vowels and all consonants. Hence it was a 6 consonants 
X 3 vowels X 20 subjects design. The consonant x vowel x subject mean 
square was taken as the error term in the cong>utations of F. As Table 
2 shows, all the main effects and two-way interactions ar^ significant, 
indicating reliable inter- consonant and inter- vowel differences in 
difficulty. 

The second analysis of variance used the data of Xdsts 1-24 from the 
/t : d/ and /p : b/ pairs with the vowels /e/ and /i/. The residts, 
given in Table 3^ indicate significant difference in difficulty between 
/t : d/ and /p : b/. From Table 1, it may be seen that /t : d/ was easier 
than /p : b/. The variance attributable to vowels (/e/ cuid /i/ in Table 3) 
was not significant; hence, they appear to be of about eqimil diffic\xlty 
in the present case. 



Insert Tables 2 and 3 about here 



difficulty of a and d pairs . ask whether a pair Is 

more difficult when the correct judgment Is "different" (d) than when the 





correct Judgment Is "ssnle” Table b flurrims tb&t detection ot the 






difference when the two xDeniberB of the pair contain different consonalits 



is the more difflctiit task. For the s pairs, the error hates in Lists 
1-6 and 7-2h were .Oi^l and .030, respectively, while the corresponding 
figures for the d pairs were .075 and 0.3^* A sign test in which the 
total number of errors on s pairs by a given subject was paired with his 
total on the d pairs was significant at the .01 level on Lists 1-6, but 

~ 5 ^ , t - • iV ' 

was not significant on Lists 7-2lf data, On /is. : g/ pairs, 63M of the 
errors were ”s" responses to d pairs. The corresponding figures for 



/t ; d/ ii /p : V were 63.^^ respectively. 



w :.i5iV 






Insert Table 4 about here 



^ t -y . tJi 



n L ?' % I ■; ^ 1 J. 



r. . 






-i 



The errors on the d pairs were classified according to whether the 



voiced phonemes /g, d, b/ appeared in the first or second syllable of the 
pairT cases where the voiced phonemes appeared in the first syllable 
ccmg>rised 65.0^> 66. 31^ aod 55*2^ of the /k : g, /t: ; d/ and /p : b/ 
errors on d ]»lrs, respectively (N the number of observations was 123 > 
264, and 375 > respectively). 

leaumlng. The proportion of errors over all subjects and pairs 
decreased from .11 in the iix^st list to .02 in the last list of the 

: ■ ' ’ - ^ ■ '-’v " ' ’ £ ' ■ 

03 qp 0 i>iiDent. These proportions were congnited for sets of three successive 
lists ihd appear Ih Table 5* divisions between the daily, sessions 

occurred after Lists 3, 6, 12 and 18. Since no abrupt Increase in errors 



- 12 - 



mnt 



torn 










XAHuea 



^ J^'T-;vv >Sir :«' X 3;*>vr;< 

Vowels ConsoDMits x Subjects Analysis of 



Variance in (Total Errors on Lists 1-6 in Eaqperiment I 



J 






Source of Variance 


d.f. 


Meem Square 


F 

a.i 


P 


Vowels ' .. . a 


2 


U.8o 




<.01 


Consonants v- 


5 


62.93 




<.001 


Subjects 


19 


15.72. , 


':!$.• 90 rvDV 


<.001 


Vowels X Consonants 


10 


Ue 32 H f 


,• ^<»6^.T,vCV 


<.001 


Vowels X Subjects /. > 


38 






<.05 


Consonants x Subjects < 


95 < 


. r^V-‘'‘-2^7r:;-:>uK, 




<.01 


Vowels X Consonfiuits x Subjects 


190 


.93 


«• 


- 
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TABIE 3 



Vowels X C^soBMits X Subjects ADSlysls of 
Variance in Total Brrors on Lists l*?ft- in ss^riinent I 





XX V ': •■; r?. 


.■:■ 7^'.. 


,i.I*{;r.V 




Source of Variance 


a.f. 


Mean Square 


r 


p 


Vowels 


1 


17.11 " 


-■■ '• 3.iY ’■ ■ 


n.s. 


• -■' Cons^lants 


1 


159.61 


29.60 


<.01 


-I’'.;:.- Subjs'c%d^'‘ •'" 


19 


34.20 


..,il.90..> '■ 


n.s. 


Voweli: X Consonants V« 


1 


2.61 


6i34/-:'' 


<.01 


(«; voweL^' X Subjects - ? 


19 


6.53 


' .1.21-. 


n.s» 


Consonants x Subjects 


19 


3.72 


. , , . . 0 .. 45 . ■■ 


n.s. 


Vowels X Consonantjs x Subjects 


: 19 


5.39 


' - se . , ► 


- 
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PrpportlosiA of Irrors for Ailrs Consisting of Tiro d 
^llables and for Fairs Consisting of Two s ayilables in Experiment I 







Lists 




Fair ^pe 


1-6 


7-24 


1-24 


8 


.041 


.030 


.034 


A 


.075 


.034 


.051 




Mite 















occurred vhen the "easy" pairs were eliminated (after List 6) it seems 



r-fdPT 
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Insert Tahle 5 about here 
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that the learning of the difficult discriminations progressed steadily, 
albeit slowly. #rom Table k, it is clear that most of the leanaihg 
Ijfefcamd^ sign test in whlclr the proportlott of wrw 

on d pairs in Lists 1-6 for a given subject was paired with his proportion 






I.* H*' I 



in Lists 7-24, was significant at the .01 level, indicating that learning 



^ lo. noT^f.;' 'ij-i 5%s 

td occurred. A slmi 



r 

J. 






had occuiT^. A similarly computed sign test on the s pairs was also 



/ V, 'r 



sig^icant at the .01 level, indicating that learning of ^ s pairs was 
also taUng place, even though the initial error rate was quite smlX. 






Because ^ the low initial error rate, the learning Mta were not 






Xai^'i^ncy) tK^,K 0 .L''T.‘rt£' ■ -■' i:. .''noii't .■' ‘ - 

subjected to further analysis. For the same reason, no a 



t',, . 

waS' made 



\b i q\., ^ V 



\ ■ 



- V 



to apply mathematical models to the data, since a sensiti^ diserimihation 

'i!V •, -vu'-fi 5«.t '.x. : . .f--:'.. ' 1 .r’ ; 

among models cannot be made in the absence of sufficient errors. 



,? ^ t 



f •;,■*?•> ;:ii’ P,l -i : , ,,'j .... - •'•-MX '■ r:,. : - ^ .j.- •••. -• 

Brror rates on the pairs presented in pilot studie s. Appendix C 
lists the proportion of errors for each type of pair presented in the 

jji. V;0. ‘Ix '"'x , . ■' r.xx ' '■'■•' 

two pilot experiments intervening between Experiments I and II. For the 
first pilot study, the proportions are based on a total of 1872 observn- 
tlons from six subjects, while the number of observations from each of 
nine subjects in the second pilot study was 72 per 4- concept. ®ie 
proportion of errors was highest (.28) for the 4- concept consisting of 
the /so ; tso/ pairs ^ and varied between .17 and .00 for the other 
4- concepts. 



Experiment II 

' ■ ' ■ .' f.-" ■■ ; - ; :■ , 

Relative difficulty of consonant discriminations . Table 6 claaslfles 
the pairs of syllables according to their vowel member for each set of 
pairs that present the same consonant contrast and Indicates the propor- 
tion of errors for each class. The rows and columns of Table 6 are ordered 
in terms of increasing difficulty of pairs in Lists 1-6, reading from 

' — . - ■ ■ ■■ p" 

Insert Table 6 about here 

top to bottom jwd from left to right. The Lists 1-6 column of Table 6 
shows that the order of difficulty, here listed in ascending order, is the 
follQ^ng: (1) the fricative -St op contrast, /k : x/; (2) the plain- 

palatalized contrasts, /d : dj/, /l : Ij/, /n : nj/, /z : zj/, /s ; sj/; 

(3) the stpp contrast /k ; g/; (^<-) the fricative-affricate contrast 
/s ; ts/; (5) the dental and labial sto]^ contrasts /t : d/ and /p : b/. 

The /p j b/, /t : d/ and /k : g/ pairs exhibit the same order of 
relative difficulty as obtained in Experiment I. In fact, it Is instructive 
to compare the error rates in Lists 1-6 for the items that appeared in both 
Experiments I and II. For the /t : d/ items the error rate of .077 in 
Esqperiment I contrasts with the .220 value obtained in Experiment II. 
Likewise, the proportions of errors on /p : b/ Items arc .139 ®nd .222 
in Experiments I and II, respectively. For the /k ; g/ pairs, the cor- 
responding figures are .067 and . 117 . The proportions of errors on the 
/k : x/ and /z ; zj/ pairs are relatively low compared to what one would 
expect from the pilot data, although for the /z : zj/ pairs the error 
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Proportions of Errors 

In 



■ '' 'V;. - . '..:-r:... 

> ..-,y ' ‘ - -1 *V ‘ • -7^’ ‘ ’V.'- ^ 'W 




TABLE 3 



on Sets of Three Saceessl^ Lists 
ExpeHment I 



Lists 


p(error) 


Usts 


1-3 


.077 


13-15 


U-6 


•039 


16-lB 


7-9 


.036 


19-21 


10-12 


.039 


22-24 







•‘■^ --■ 



p(^rr^^ 

• 0 * 10 , 

.022 

,02,k 






¥ ' " 














, A 



' 



4\: 



,; </ - 






TABI£ 6 

Prppprtion of ^rors cm 5ach Set of Fouj*,Palr)» 
which Present the Same Consonant Contrast and Contain 
the Same Vowel^ - Experiment II 









Vcjwel 




Mean, 


Usts 




Consonant 


















Ccmtrast 


/a/ 


A/ 


M 


N 


N 


1-6 


7-24 


1-24 


/ft s «/ 


- 


.019 


- 


- 




.019 


- 


- 


, /k:! Jc/ 




.018 


- 


«• 


- 


.033 


.013 


.018 


V *i ^-k 

yi'V ij/ 


.050 


.048 


- 


- 


«• 


.049 


- 


•• 


/nTiij/ 


- 


.656 


- 


- 




.056 


- 


«• 


itizil 


- 


.085" 


mm 


- 


'' • 


.067 


.092 


1085 


/8 1 SJ/ 


- 


.104 


m 


- 


r-r r. ^ 


.104 


- 


. s.'- ‘■"’■'I. 


’ 8/ 


.060 




.142 


m 


.148 


.117 


- 


- 


/b :ts/ 


.142 


.204 


.104 


.166 


.146 


.168 


.147 


.152 


/t ; d/ 


.131 


.283 


.165 


.238 


.281 


.220 


- 


- 


/P ! V 


.119 


.219 


.151 


.141 


.179 


.222 


.140 


.162 


Mean, Lists 


















1-6 


.108 


.139 


.15^ 


J.192 


.210 








7-24 


.124 


.U5 


.118 


1 .148 

1 


.149 








1-24 


.U7 


.125 


.131 


.163 


.173 









^ The proportions are based on Lists 1-6 data for pairs presented only in 
Lists 1-6, and cm Lists 7-2l<- data for pairs presented in all 24 lists. 







rate inereeiaed from Lists 1-6 to Lists 7<~2k. 



An Items x subjects analysis of variance was performed on the Z^sts 
1-6 plaln-palatallzed items. Both the concepts and subjects sources of 
variance were significant at beyond the .001 level (T&ble 7) Indicating 



significant inter-concept and inter-subject differences. 

If we Judge the relative difficulty of the vowels on the basis 6f 
all the pairs presented (Lists 1-2U data) the vowels ranked in order bf 
increasing difficulty are: /a, i, u, e, o/. Bote that,'as in Bxperiiient 

I, the stops precedlxig /i/ are difficult. Table 8 presents 'the results 
of -the Lists 1*6 aiialysis of v^ for each of the consonahi^ : ts/, 
'/t : d/, /p I b/ with each of the towels /a, e, i, b; u/. All "fehe rniin 
effects hnd two-way Interactions are highly sig^iflc^^ 



insert Tables 7 ond 6 about here 



As in Esqperimsnt I, the nusd:>er of errors oti voiceless voiced 
and on voiced : voiceless d pairs were cong)ared. For /p : b, /t : d/ 
flmd /k : g/ 60.3j and 66, 7t respectively of the total errors on d 

pairs occurred on voiced : voiceless pairs. The table alifO' Shows that 
voiceless £ pairs are harder than voiced £ pairs. Ccmbiriing this with the 
previous finding, and without offering an interpretatiorti we may say lihat 
pairs whose second syllable is voiceless are harder than pairs Whose 
second syllable is voiced. Also, 65 . 91^ of the errors on /s : ta/ d pairs 
occurred when /s/ was first. A regularity which \mdoiibtedly is related 
to this order effect is that £ pairs involving either /s/ or /b/ yielded 
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consistently more errors than is pairs involving either /ts/ or /p/ 
respectively. 

We turn now to the effects of the vowels on consoneujt discrimination. 
The relevant data here are the colinnn entries for a given row of Table 6. 
The order of difficulty generally agrees with that found in Experiment I, 
since pairs containing /i/ are most difficult, and those containing /&/ 
are easiest. However, while the pairs containing /o, e, u/ were of e^ual 
d^ficulty in Experiment I, the /u/ pairs in the /p : b/ and /t : d/ 
4<.concept8 appear to be relatively easier this time. 

Proportion of errors computed over all subjects and pairs f^ eagh 
list . Piguore 1 shows the mean learning curve. Por the first six lists, 
each data point represents two thoussuad observations; for the last iB 
lists, each point represents 1,040 observations. We note that nearly 
all of the reduction in' errors occurred between Lists 1-6 and between 
Lists ,15-24. Also, it is interesting to note that the curye appears to 



InsbBtc Pig.'- 1 about here 



be approaching an asyniptotic proportion of^ errors which is definitely 
greater than aero (about .10). In the analyses immediately following, 
the learning curves are ponsidered separately for each of the various 
categories of pairs. 

Relative difficulty of ^ a^ ^ pairs . When the data for those pairs 
whose correct response is *'6ame" are tallied separately from those for 
which the correct response is ”different”, trends indicated in Table 9 








TABI£ 7 

Analysis of vkrlanc^ - plain-i>alatallsed 4*Cotic6pt6 x Subjects 

Experiment II 



l^ource of Variance 


d.f. 


Mean Square 


u.s: 

P 


% 

U-Concepts 


5 


8.27 


6.59* 


Subjec^ts 


19 


4.46 


3-57* 


4-Concepts x Subjects 


95 


1.26 




*^p < .001 










i 
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yoweX?.3c ConsQi^ts X Analysis o£ < 

Variance in Total Errors on Lists 1-6. Experiment II 



Source of Variance 

Vowels 

Consonants 

I ^ 

Subjects 

VowSls X Consonants 
Vowels X Subjects 
Consonants x Subjects 
Vowels X Consonants x Subjects 

■*’p < .001 



d.f. 


Mean Square 


F 


k 


169.16 


53.33** 


2 


63.7‘^ 


20.10** 


19 


53.31 


16.81** 


8 


17.60 


5.55** 


76 


5.8lf 


1.84* 


38 


15.56 


4.90** 


152 


3.17 


- 










eiaerge. As one voiild anticipate from the preceding analysis^ the diecline 
in emrs is rather slight. For the s pairs, the prdportlon of erroifs 
fell from .08l in Lists 1-6 to .071 in Lists 7-2l|-. On the corresponding 
lists, the proportion of errors on d pairs dropped from .223 to *l86. In 
agreement with Experiment I, most of the improvement occurs on the d pairs. 



Insert' Table 9 a^oUt here 



fewn thou^' there is more room for improvement on £ pairs in 'tihe'pfeient 
-.e^gperiment- than. In Experiment I., . To conpare ,thfi. performance on the s .. 
and d pairs which appeared in elll lists used in the experiment, two sign 
tmtB iirete ri^ Of all, ^hen the ndmber of errors^by a given “ 

subject bn the' a and d items wert paired, (yielding' twenty pairs), the 
‘d pairs prb^d to be sighlficSntly more difficult. For Lists 1^', ‘end 
again for Lists 7-24, the difference was significant at the .01 leVel. 

To ascertain w^hether there was any significant inprovement On "Lists 7-24 
from Lists 1-6, a sigh test was run on the £ pairs, and another oh the d 
pairs. Bach subject's proportion correct in the earlier lists was paired 
with his proportion in the later lists, 'for the £ pairs, the difference 
in proportion coiirect between Lists 1-6 euid Lists 7-24 was not significant. 
For the *d pairs, 17 differences were in one direction, indicating signi- 
ficant improvement (p < .01). 

Proportions of erf Of s' for pairs classified by consonants or ^ vowel . 
By conqparing the sixth and seventh columns on Table 6, it may be seen 
that iiaprovement occurred oh all those consonant contrasts which appeared 








[ ' 

on all 2k Il 8 t 0 , except for the /z : zj/ pairs. Likevisei conparlaon of 

the next to last rov with the preceding rov reveals jjaprpveiMnt on pairs 
containing vowels other than /a/. When the proportions are computed 

!s 

‘ 4 

over only the /p : h/ and /s : ts/ pairs (to allow for differential elim- 
ination of certedn vowels in the selection of pairs for Lists I'^Zk), 
improvement is indicated for the /a/ pairs also. Figure 2 gives the plot 

\ 

of the proportion of errors in sets of six successive lists for the pairs 
which appeared in all lists. Each data point is based on 2^k00 obser- 
vations for the /s : ts/ and /p : b/ palrs^ and on U0O observations; for 



Insert Fig. 2 about here 



the /k : x/ and /z : z^/ pairs. A comparison of the /s : ts/ and /p , i b/ 
curves reveals no difference in the Initial level of learning (Lists ; 1*6) 
but a wide difference in learalng rate. 

^ble 10 presents a more detailed breakdown of the laming data. 

Ihe /k ; x/ pairs were excluded from this tabulation of the proportion of 
errors over sets of six successive lists, since the prc^ortlons were , 
negligible for these pairs. Q3ie proportions for the /z : zj/ pairs are 
based on 120 observations. The proportions for the other pairs are b^sed 

a 



Insert Table 10 about here 



on 600 observations each. Among the pairs involving /p : b/ and /s : ts/ 
it is clear that the s pairs are easier than the d pairs. In the absence 
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Proportion of Errorsr if or s dloA d Pairs 



All Items in Exp. 



iu ; CJ'- 

Items appearl^dsi 







Lists 




all lists 


O^pe 


1-6 


7-24 


1-24 


1-6 

• ' j- 

\o: . r 


s .-^ -. . 


.081 


.071 


.075 


•°®5 ■ , , 


d 


.223 


.186 


.201 

; j? 


•259 ■,,., ■ .■ 



• .i>) ; - 
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TAB12 IQ 



Proportions of Errors on Various l^pes of Fairs on Sets 

of Six Successive Lists 



O^pe Lists 



• 


1-6 


7-12 . 


13-18 


19-24 


A : V 


.068 


.037 


.047 


.032 


A : P/ 


.447 


.313 


.287 


.158 


/p : b/ 


.210 


.183 


.173 


.090 


/P : P/ 


.162 


.143 


.133 


.080 


*11 /b, p/ 


.222 


.169 


.160 


.090 


/s : b/ 


.075 


.085 


.108 


.102 


/s ; ts/ 


.337 


.368 


.275 


.262 


/ts : s/ 


.200 


.188 


.137 


.118 


/ts : ts/ 


.058 


.043 


.045 


.033 


All /s, ts/ 


.168 


.171 


.141 


.129 


/zl ; zi/ 


.067 


.067 


.175 


.100 


/zi ; zji/ 


.033 


.100 


.042 


.008 


/zji : zi/ 


.125 


.125 


.233 


.075 


/zji : zji/ 


.042 


.050 


.092 


.033 


All ./z, zj/ 


.067 


.085 


.135 


.054 


All items . 


.183 


.163 


.149 


.104 



The /k : g/ and /t : d/ items were presented only in Lists 1-6. 
The proportions of errors were /g : g/ - .039# /g ! k/ " *272# 

/k : g/ - .097, A : A/ " *01^7, /d : d/ - .068, /d : t/ - .460, 

/t : d/ - .215, and /t : t/ - .137. 



o 

ERIC 









. 26 1 - 




Flg. 1 Proportion of orrors, calculatid over all subjects and items, for each iiston each day 
of the experiment 




Fig. 2 Proportion of errors for each of the item types which 
appeared in aii experimental lists. 



o 





pUrror) 





Figs. 3 , 4 Proportion of errors by individual subjects on each set of 
three successive iists. 
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1-3 4-6 7-9 10-12 13-15 16-18 19-21 2^24 

LISTS 

Figs. 5, 6 Proportion of errors by Individual subjects on each set of three successive lists. 
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of static tical analyses, we may rou^ly say that learning Is seen clearly 
on all f our peilr types involving /p : b/, only on the /a : ts/ d pairs, 
and it is not appreciable on the /z : zj/ pairs. 

Individual learning curves . Figures 3-7 display the proportion of 
errors cotDputed over sets of three successive lists for each subject. 

From inspection, it appears that there are considerable inter-Subject 
differences in the f onns of the leaning curves. A systematic interpre- 
tation of these data will be deferred until after the math^natlcal model.8 
have been presented in the next section. Table 11 gives the proporti<fti 
of eiT<r8, computed across all lists, for all subjects i It is clear 



Insert Figs. 3-^7' about here 



that there are substantial individual differences in discrimination 



Insert Tables 11 and 12 about here 



proficiency. Qhc proportion of errors for individual Subjects rioiged 
from *04l to .278. Table 12 gives the results of the COfl^tatldns of' 
mean and variance in total errors for subjects in 25th, 50th, T5th and 
100th percentiles in total errors. - 

: Tests of response independence . - The first analysis sougtt to ascer- 
tain if the probability of a correct response was independent of the 
correctness of the response to the immediately prex_^dlng pair. Ihere* ' 
fore, the probability of a correct response to a pair, given eui incorrect 



o 
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response on the immediately preceding pair, was compared with the proba- 
bility of a correct response, given a correct response to the preceding 
pair. One shortcoming of this Independence test Is that the proportion 
of correct following incorrect Is computed largely from the slow learners 
difficult pairs, and early stages of learning, ^ile the proportion of 
coirect after correct Is based largely on the fast learners, easy pairs, 
a nd later stages of learning, An; atteinpt to mln.h&iz 9 this bias was made 
by conputing the proport Icms separately for each subject and for each 
qwartlle of trials before the trial of last error, /appendix D gives 
the individual conditional proportions for each qpartile, as well as the 
means over subjects. The p( correct! correct) entries cure based on an 
average N of 50.5 while the average N. for p( correct {incorrect) Is 328 . 
The m ean proportion of correct following correct axceeds the mean pro«^ 
portion of connect foUpwlng incorrect by .048, .007, *005 apd *.Q04 in 
the first, second, third and fourth quartlles, respectively, 
pairing the two conditional proportions for each subject,; a sign test 
was run on the data of~ each quartlle. The difference -is significant at 
the .01 level, for the first;- quartile euid not significant thereafter* 

Thus, the probability of a correct response appecurs to be . independent of 
the correctress of the preceding response after the first, quartlle. 

The hypothesis that the response is independent of the immediately 
preceding pair type (s or d) was tested next. Since the reinfpreement 
ef ter each response informs the subject as to whether eui £ c>r d item had 
been presented, we in effect tested the assumption that the response Is 
Independent of the preceding reinforcement. The data from all subjects 















Overall Proportion of Errors for Each Subject in Experiment II 



Subject 


p(Error) 


Subject 


p(Error) 


19 


.278 


20 


.124 


13 


.267 


9 


.101 


17 


.207 


11 


.098 


2 


.194 


5 


.098 


3 


.193 


16 


.089 


1 


.180 


10 


.067 


7 


.148 


8 


.055 


15 


.146 


6 


.052 


18 


.135 


12 


.042 


14 


.133 


4 


.041 
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TABI2 12 



Total Errors by Subjects at Different Perfoiinance levels 



Subjects' 
Percentile in 


Total Errors 




Total Errors 


Mean 


Variance 


0-100^ 


159.6 


8338.50 


75-100 


56.4 


100.68 


50-75 


116.6 


217.04 


25-50 


172^0 

•f" 


553.20 


0-25 


293.>^ 


1934.64 



Hils percentile range includes all subjects. 
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were pooled and four were conqputed. The first two were chi-square 

independence tests conqputed for the case where the pair on the present 



(not preceding) trial was an s pair, one from the Lists 1«6 data and 

,2 



another from the Lists T-2k data. In like manner, two X s were com- 
puted for the case where the pair on the present trial was a d pair. 

Table 13 gives the chi-square values obtained under the four conditions. 
Neither of the )?a on the Lists 1-6 data are statistically significant, 
although, both approach significance. On the other hand, for Lists 7^2.4, 



Insert Table 13 about here 



responses to the s pairs are dependent on the pair type presented on the 
P^ceding trial. » 6.173> d.f. si, .01 < p < .02). A comparison 

of the observed euid theoretical frequencies from which the significant 
y? was computed revealed that the observed frequency of correct response 
on an ,s pair> given em ^ pair on the preceding trial, exceeded the predicted 
frequency. Hence, by necessity the observed frequency of correct responses 
on an s pair, given a d pair on the preceding trial, fell short of the 
predicted frequency. 

Analysis of variance of item and subject differences . First we ask 
whether the variance in total errors is due primarily to inter-subject 
differences or to differences in difficulty of various 4-concepts. To. 
emswer this question, a 20 subjects x 12 "hard" 4-concept analysis of 
vari€Uice was run, . in which each cell entry represented the total errors 
on a given 4- concept by a given subject. As Table l4 shows, the variance 
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due to each source is significant (p < .00l)« Therefore both the inter- 
suhject and inter-concept differenceL are considerable. A second analysis 
represents one of the preliminary attempts to determine whether the lin- 
guistically defined concepts are responded to "as units". That is, if 
the /p : b/ pairs, for example^ contain. common cues which are a basis 



Insert Table 14 about here 



for including all of them in the same concept, one might expect some 
"transfer" between learning one subset of /p ; b/ pairs and learning of 
another /p : b/ subpet. It seems natural to choose as the subsets of 
each 20-concept the 4-concepts included in the particular 20-concept. 

recall that there are five 4-concepts included in the /p : b/ concept, 
since the /p ! b/ pairs may appear with any of the five vowel phonemes. 
Likewise, there are five 4-concepts included in the /s ; ts/ concept. The 
data for the /k : x/ and /z ; zj/ pairs are less appropriate to the analy- 
sis, since each type includes only the 4-concept involving the vowel /i/)« 
It seems that a rouj^ index of "transfer" across 4- concepts within the 
same 20- concept may be obtained by comparing the correlations between 
total errors by a subject on one 4-concept and another. A correlation 
coefficient for each pair of 4-concepts was computed by matching each 
subject's total errors on one 4-concept with his total errors on the 
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other 4-concept. 

Table 15 presents the correlations between the number of errors on 
each pair of 4- concepts, and the mean and standard deviation of the 
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TABLE 13 



Values of ^ Obtained in Tests of I^pothesls that the 
Res|>onse on Trial n is Independent of the O^ype of 
Item Presented on Trial n - 1 



Item lype on 



Lists 



Trial n 


1-6 


7-24 


8 


3.53**' 


6.17^ 


d 


3.66'*‘ 


o.ge 




'*’ .05 < p < .10 






.01 < p < .02 
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Analysis of Variance 


- Hard 4-Concepts 


X Subjects; 


Lists 1-24 


Source of Variation 


d.f. 


Mean Square 


P 


4-Concepts 


11 


530.34 


10.36'^ 


Subjects 


19 


731 . *»5 


14. 29'*’ 


4-Concepts x Subjects 


-209 


51.17 




"^p < .001 
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mimber of errors on each concept. The coefflciente range l^tween .135 
and .967. The entries enclosed hy che same triangle represent correlatiOTs 
between pairs of ii-concepts Included in the scune 20-concept, , The table 
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reveals that, without exception, the correlations batwaen total errors 
on ..p^rs of t- concept 8 are higher when the 4-concepts are incl-^eA in the 
aa]ae .20?r concept , than idien the two 4-concepta ai^e from ilffexent ?0;,c^ 
cept8.,...^r.the /s ; ts/ pairs, the Interco^iations ,w:e rfi^ 

( , 792-967 ) , . yhe^ae the maximum correlation , between an^/e. i ytf^ 
fuad a-vnon;^ 1 ts/ 4- concept is .608. These nigh t»ti^rcorreljiti<^ 
a 20- concept contrast with the much lower corielatipxis, betireen. tots^ er^ 
on /p. Tib/, wd /s : ts/ 4- concepts which involve the same vowl j^pneme 
(e.g,, the correlation between /pa : ba/ and /sa ; tsa/ e^rs is .35?);v. 
The intercorrelations yithin a. 20-concept , indicate some learning of the-, 
general concept (e.g., /p : b/), but the lack of perfect correlation . 
indicates that each 4-concept also presents unique sti m ul i to the. .subieh^* 
.a more .sophisticated way of studying .trwisfer across 4-c<mceptS within 
a 20- concept, is to examine the consequence of assuming that . transfer , is ^ 
perfect, i.e., Iliat all presentations of a given 20^*concept.repr«sah^yc>> 
repeated trials on that concept. Hiis way of looking at the .p^pbl^.ls . 
developed, later in connection with the, application of the one-ele»nt; 
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?F(SSkTlGS OF HBSUIilS 



In thl« section, the results vhlch seem paii;lcu?^ly pertinent to 
the application of linguistics to teaching of a wcond language are eumBar- 
ized and interpreted. 

Several limitations of the study should he home in mind at the out- 
set: (a) auditory discrimination was at issue exclusively, a much nairower 

field than the usual dimension in language learning; (h) the recording 
and playback apparatus although adequate, was not of professional quality; 
(c) a' single native speater was used throu^oit; (d) the subjects were 
homogeneous only in that they were students at Stanford University, and they 
^d nht know Itussian. Vith these reservations, we now note the results 
inay have wldei* inpllcatlons for second l a n g u age learnings 

As a xesult of about 225 minutes* eaqposure to the stlmuius 
materiai and reinforcem^ts of Experiment I, a fair amount of learning 
ocdmM. Under the sOhedule of one 23 minute Session daily for 'five 
consecutive days, the overall proportion of efrors dropped from ll°/o 
on list 1 to 2®/o 0® 24. For Ejqperlment II, with appinxlmately the 

sane exposure time, the drop was from 22°/o to 10®/o. (See Fig. l). 
tx^rimnt I suggests that additional presentations of the voiced-voiceless 
ecntrasts might result in nearly perfect identification of them. On the 
other hand the failure to attain perfect performance in Experiment II 
suggesta a not-aurprlaing Xlxdtation in the pedagogic effectiveness of 
the experimental design. One possible technique for inq>rovlng learning 
would be to abandon the random presentation order in favor of repeated 
trials on the sane concept. 

The fact that in Experiment II the reduction of errors occurred 
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primarily vi-thln Usts 1-6 and Lists 15-24 points to the plateto-type 
of langaa^ wgjxisltiott ^ther'than contlmious learning* 

8 and d pairs ; When the two meinbers of a pair are the eene, it is 
easier to identiiy them as such than it is to identify aa different the 
meaibers of a d pair. In Ebqperiment I, the overall eiror rate on d items 
vas‘5^/o> dropped from 7*5^/o oji lists 1-6 to 3*4^/® ^ lists 7-24* 

(See treble 4), By contrast, the overaU error rate for s iteiiis vas 3*4*^/o» 
and the dfoj^ was from 4^/o to 3^/o* same findings" were true for 
Bj^rlmeht II, where the over-all error rate for S pairs was 7*5 7^^ 
a drop from 8.1®/o on lists 1-6 to 7>lVo, on lists 7-24), and foi* d- 
paiia 20°/o (with a drop from 22^ /o on lists 1-6 to lS°/o on listh 7-24*) 
This suggests that it is useful to present the material in the 4-cdcice^ 
approach of the experimental design in order to talse advantage of the 
lower error rate of s pairs and the higher learning rate of d pairs* 
However^ d pairs should also he presented at a higher ratio tlxan s pairs* • 

That phonemes should he * pre^nted in pa^s rather than individ u a ll y , 
was non tested in view of ejqperimental literature available, e.g*V 
Pollack’s (1932) findings on comparative versus individually presented 
Sounds, which showed that a great many more sounds could he distinguished 
when piesented in cooqpaflson* 

It is also Interesting to note that, as intended, learning proceeded 
in terms of phonemes and not allophones, and that over-discrimination of 
consonaat allophones in s pairs and of vowel allophones in d pairs did 
not seem to occur. 

Consonant dlff idilcy * The consonants exhibited a definite order of 
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difficulty. (See Table l). Generally, fricatives were more readily dis- 
criminated than stops. Uiis is due in part to the random noise characteri 
istic of the former, usually more easily recognized than the complete absence 
of energy in the pre-reieased portions of the stops; but perhaps even more 
logportant here is the phonetic similarity of Bussian and English fricatives. 

I 

^ I 

This is not true of the stop ^onemes where the Russian voiceless stops 
are not highly aspirate as their English analogues are, and the voiced 
ones are f ully voiced, lEencp, due to their own linguistic backgroupd, 
the subjects had difficiaty in dlscrininatlng between voiced and voiceless 
stops in Russian. The order of difficulty within the stops was unexpected: 
discrimination of labials, /p, b/, proved more difficult than that of 
dentals and velars, /t,d,k,g/, contrary to acoustic tests on burst per- 
ception. 

The fricatives of Experiment /f, v, s, z, sh, zh/, were iiot 
include Id Experiment II, whereas the stops were, with the addition of 
the pairs /d ; dj, k : x, 1 : IJ, n ; nj, z j z;J, s : sj, s ; ts/. 

(See Thble 6). There is a striking difference, between Experiments I 
and II, in the error rate on those items \diich were presented in both 
experiments. The difference in total exposures, as listed, althou^ con- 
siderable, probably is not solely the cause of the difference: (!!he 

entries are the presentation frequencies for a given subject. ) 

/p,b/ /t,d/ /k,g/ 

Exp T 480 hOO 2P8 



Exp II 



300 



180 



72 



We also ruled oit the possibility that the sub;Jects in Sxperlnent X 
'weie noze spidilstlcated lingulstlcaiay than those In Eaqperinent II. The 
questionaire data on their prior language trfdning indicates that the two 
groups were comparable. It seems most llhely that the inter-experiment 
differences In error rate on items common to both experiments is due to 
effects of the items unique to each experiment r In Experiment I^ althou^ 
both; fxicatiyes and^ stops were used^ they were contrasted only within each 
of the two categories^ and not across categories. FUrthermoze> vthe dis- 
crimination of the i^icatlves was quite easy sp that the subjects could 
focus tteir attention on the stops. In Experiment II, on the 
in addition to the stops of the previous experiment, more difficult 
Russian consonant phonemes in relation to the English phonemic syst^ 
were introduced, and contrasts were presented across categories, f.g., 

/k : x/, stop : fricative. Thus, tL-. construction of lists for ExjH||Pjf«it 
II w€as more totricate by far, and each pair required the . sub Ject t|j make 
a mmiber of decisions in discrimination. 



Another finding can best be interpreted in texms of a feature ana^sls 
of the phonemes, namely, the error rate of d pairs beginning with: a 
-voiceless consonant was consistently lower -than that for pairs beginning 
with a voiced consonant. For example, many more errors -were made on pairs 
of -the /ba : pa/ type than on those of the /pa : ba/ type. We could, 
-therefore say -that the addition of the feature of -vx»iclng to -tbe second 
sMsmber of -the pair made for bet*ter discrimination then -the presentation 
of this added feature -wl-th -the first member. In regard to fricati-re : 
affricate, however, the higher proportion of errors occurred consistently 
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with the fricative as the first iDen(ber> rather than ttie affricate* Biis 
is consistent with the interpretation of the affricate as a strident 
consonant rather then as a stop plus constrictive, a fact denjonstrated 
by the lack of any intervening intensity Tn l n imum when the speech wave is 

sxialyzed as a function of tine* (Jakohson, 195^)* 

Voiiel difficulty * The data on the error rates of vowels In the two 
^rimsnts a^ not quite coBq>ard)le because only plain consonants were 
used in Baq^riment I, and plain and palatalized consonants in Bacperljnent 
II, thidi require different vowel allophoncs* F6r Ifiacperlj^ I, the low 
central /a/ itffect^ of consonants that precede it the least* The 

back vowels /u/ and /o/ affect Judgemsnt to some degree, about equally 
for both vowels* The front vowels have the most marked effect on dis- 
crininatidh, with /i/ causing much greater difficulty than /e/* (See 

Table l)* 

* Since the allpphones of /i/, spelled *1^” and "bl" respectively) 
after palatalized and plain consonants are quite different ]^onetically> 
the Ixperlment II items may be divided into two sets: oae, plain contrasts 

only, and two, plain and palatalized contrasts* If we consider only the . 
latter iwrt of the experiment, in addition to the small absolute nuaber 
of occurrences of /i/, the in^rtance of the high error rate becomes 
apparent* This is not surprising in View of the nature of the Bng.J.sh 
vowel system which causes the Subjects to perceive the high front and 
high central aUophones of the Russian /l/ as two separate vowels, a fact 
not true of the aUophones of the other four Russian vowels* A correlate 
ean be found In Halle's (1959) foimant frequencies, computed from stationary 
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portions of sonagrams; or if no such portions 'were anrailihlei from 'the 



middle point of the formant (p. 11^): 
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h! 




200 


400 


700 


4oo 


275 






l^T 5 


3 BT 5 


1250 


700 


550 




‘3 


2125 


2500 


2200 


2125 


2150 


hi! 




150 


425 


TOO 


500 


300 




>^2 


2150 


1900 


1375 


1000 


. 575 






3000 


2625 


2250 


2200 


2500 



The phoneme /i/ has hy far the greatest discrepancy of formants, a fact 



with 'Which our findings correlate. 

In summary, except for (l) ‘the discrepancies from a predicted order 
of difficulty 'Which *was based on discrimination ssid prcjduction rather 'than 
only on discrimination, and (ii) the relative difficulty of the discrim- 
ination of bllablals, the esqperimental linguistic findings, fulfill most 
of the expectations resulting from a contrastive phonemic analysis of 
Russian and English* 
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5. QUANTITATIVE APPUCATION OF STIMUIXJS-RESPONSB THEORI 

In the preceding sections, ve have attemgpted to present in consider- 
able detail the empirical results of the experiment, with little engphasis 
on a psychological interpretation of these results. In this conclu din g 
section of the Keport, we turn to a quantitative analysis of the experi- 
mental data in terms of one fundamental stimulus-response theory of 
leami»^> The basic theory we apply originates with Estes* paper (1950); 
a large number of other investigators have contributed to the developaient . 
ofv'thp^ theory inr.theopadt .decade. 

In a highly simplified foim, the basic ideas are as follows. The 
organism is presented with a sequence of trials, on each of which he malses 
a r e s po n se that is one of several possible choices. In any particular 
eiiperlment it is assumed that there is a set of stimuli from which the 
organism draws a sanq>le at the beginning of each trial; it is also assumed 
thaii on each trial each stimulus is conditioned to at most one response. 

The probability of a given response on any trial is postulated to 

be siuq^ly the proportion of sampled stimuli conditioned to that response. 
However, if there are no conditioned stimuli in the sample, it is post- 
ulated that there is a "guessing" pi*obability for each response, and this 
guessing probability is independent of the trial nuniber and the past 
sequence of events. Learning takes place in the following way. At the 
end of the trial, a reinforcing event occurs identifying that one of the 
possible responses \rtilch was correct. With sene fixed probfbillty the 
sanpled stimuli become conditioned to this response if they are not so 
already, and the organism begins another trial in a new state of condition- 
ing. The sequence of events postulated to occur on a given trial may be 
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Illustrated by the following dlegran: 



state of 
conditioning 



stimuli 

sampled 



response 

made 



reinforcement 

occurs 



reconditioning 
of sampled 
stimuli 



new state 
of 

conditioning 



Note that the trial begins with a certain kind of conditioning and ends 
with a new state of conditioning* %ls change of conditioning represents 
the most essential part of the learning process. (A more explicit 
fozmulatlbn of these ideas is to be found in Suppes and Atklnion (i960)). 

fhe four basic models we wish to describe here may be vle^d ae ^ ' 
special eases of this general theory. Roughly spOaking^ they correspond 
to assuming that different nuoibers of stimuli are available for s a wp lihg 
on every trial* In this sense the different models corre^;k!nd to poStulit- 
ing that a different nuniber of stimulus components or patterns aie sangtled 



from the CV pairs presented to the subject on each trial in the present 
experiments* 

One«element model . A siople models and one that has proved enpirlcii^ly 
highly satisfactory In a wide range of experiments, is the one for which 
it is postulated that there is exactly one stimulus element which is 
available and sesqpled on each trial by the subject* A mathematical model 
that arises from this simple one-element assumpti^ can be described in ' 
the following way. On every trial the subject is in one of two states: 
either the single element is conditioned (state C) to the correct response, 
in this case the verbal responses "same" or "different", or it is uncon- 
ditioned (state U). We formulate the mathematical background of the 
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model in such a wey that the subject’s behavior forms a Markov process in 
these two states with the transition matrix indicated below. 

state on trial n 

C U 

C ( i o 

state on 

U c 1-c 

1!he pMhlng matrix if» sinple. When ^ subject is in the uncondi- 

tioned staUe there is a p;t>bability c that he wiU move to the conditioned 
■tats^ Ouce he,/b®d^PP^l* he remains so as indicated by the 

probiib^^ty , 1 . l^cskd^iyf we postulate t^ the «d>Jeot guesses the 
correct response with probstoility g when he in Isk 1h« unconditioned 
state end responds correctJy with probability 1 when he ie ih-the 
conditioned state. 

prom a: psychological standpoint the simple oooe-element model represents 
copdjbtioning as an aU-or-none process. The assumption of a constant ©jess- 
ing probibility on each trial before conditioning implies that there is e 
binomial:' distribution with parameter g of responses prior to the last 

' 4 

error. This observation has liflportant consequences for the analysis of 
experimental dsta> the most important one being that the mean learning 
curve^ when estimated over responses prior to the last error for etch 
subject, shoold be a horizontal line. This is because on all trials prior 
to the last error the subject must be in the guessing state. Therefore 
his probability of «aJrLng « correct response is constant (sjad equal to g ) 

to these trials. 

observation that according to the model responses prior to che 

“32r* 



Ifttt error h«ve e btnonlal distribution^ suggests the conslderatlosl of e 
nusiber of goodness-of-flt tests. The virtue of these tests is thidl.thesr 
permit a genuine statistical evaluation of the null hypothesis that the 
model fits the data* FoUoving the more detailed discussion In Suppes 
end OlnSberg ( 1961 ) there are four tests that are appropriate to apply* 

The statistical properties of these four tests are veil known In the 
literature and do not need to be discussed here* 

Statlonarlty * The first and most hnportant test concerns the property 
already mentioned^ nameily that the mean learning curve when estimated over 
the responses prior to the last error Is a horizontal line* The appro- 
priate test In this case Is the statistical test for statlonarlty^ 
foxnulated In tezms of the null hypothesis that ^thsre Is no change in the 
proportion of correct responses over trials prior to the last error* 



letting t|3e variable t run over blocks of trials th^ app^riate chi . 
test Is <as foUoifs: 







where 1 0, 1^ n^(t) Is the mmiber of correct (1 * 1) or incorredt 

(1 X 0) responses in block t^ n(t) Is the total nuidber of respcmses In 
block n^ Is the au&ft)er of correct’ (or incorrect) responses sunmed 
ov^ all blocks^ and Is the total nuoiber of responses sunased over all 
blocks* The statistic has the usual limiting jdlstrlbutlon vl^ 

T - 1 degrees of freedom^ where T Is the nuniber of blocks of ^lals* 
(if there are 2 re^bnses^ the nuniber of degrees of freedom IS 





(m - 1) (T - 1).) Itader the reetricticai to two xeepcnses, the eacpxeeetotx 
for ney ^ eiJoapUfled to 

x^-Eh j^(t) - ajn(t)J j nj^ngn(t) , 
t 

thus eliiBlnatlng the sunmatlon over 1 • 

Order* The second test concerns the nulX hypothesis th&t the secpience 
of responses do indeed fom a sequence of Bernoulli trials, l.e., that 
responses are statistically independent - from one trial to another* ®je 
alternative hypothesis Is that there is a first order dependence* ®ie 
i^pproprlate fonnulatlon of the chi square test is as follows 




where J as well as i is 0 or 1, n^^ is the nuniber of transitions 
from state i to state J, n^^ “^Z^ij * 

total nuaiber of responses, as before* Again, has the usual 

limiting distribution with (m - 1)^ degrees of :ri»edom, where m is 
the nuidber of states; here, m « 2 * ^Acceptance of the null hypothesis 

the strong Implication that we cannot predict responses better If we 
know whether the preceding response was correct or incorrect* 

Distribution of Responses * The third test concerns the question 
whether responses do indeed exhibit a binomial , distribution* Becmrse the 
tYinrihoT* of responses prior to the last error varies from subject to subject 
an[< l because, unless the nunibcr of subjects is very large, insufficient 
data will be obtained by grouping subjects together, the practical way to 



o 




te«t, :^8 lOTOthftsia Is to constdor tOocks o- trljOs la sons given lengthy 
say four. ^ the null hypothesis that req^ses axe statistically inde- 
pendent a standard chi squaze test for goodness of fit of the enplrloal 
histogram Is aigut>pnate« 

Kstrlhutlon of sequence of responses # We may go heyond the hiitnwi^n i 
distribution of responses to the more detailed question of the distribution 
of se(|wnce8 of responses# Again ve look at blocks of a givro lengthy say, 
four,, ind i%.ifchis case ask if the sixteen possible sequences of four 
*^®R^f®*.v^3chiblt the ipprqprXate distribution* A chi square test* may again 
^ ■|4w» »apne?? ipprppriate to the distribution of 

distribution of last errors msy be 
stshdpolnt but unfortunately. In the present 
nuBd>er of subjects reaching criterion was too small to 

four tests Just described vere applied to the group data for 
Experiment II, ^ , However, ,on^ irq^ortant point of interpretation :for < 
application of the m od e l needs to be mentioned* We may apply the one- 
element model at different concept levels* We mead by this the following: 

In a variety of esgperlments the one-element model has been successfully 
interpreted in terms of a conditioning association betiijeen a c<^ept and 
the correct response, e*g., the concept of a geonetrici^ form a 
quadrilateral or an abstract concept like that of identllty of sets, no 
association need not be between a particular stimulus and the correct 
respdnsd* In' the present e^qperlments, as the preceding analysis ims 



already indicated, it is possible to identify several levels of concepts. 
We 1 Indeed apply the asodel to the l-concepts, ^ 4 — concepts, and 20- 
concepts already defined.. 

Two-eleiaent model . Because the one-element model does not adequately- 
fit the data of Experiment II, it is necessary to consider additional, 
more con 5 >licated models that may be derived from the fundamental theory. 
The next step beyond postulating that conditioning is an all-or-none 
process is to postulate that learning takes place in two stages. In 
particular, we assume that associated with each situation are two stim- 
ulus elements and, therefore, that the learning proceeds in two stages 
of all-or-none conditioning. Each of these two elements is conditioned 
on an all-or-none basis but the two parsumeters of conditioning, one for 
each element, may be adjusted to produce various incremental effects on 



the response probabilities. 


Let a 


and T be • 


the two elements. The 


basic learning process may 


be represented by the 


following four-state 


Markov process where the four states 


(a,T), a. 


T , and 0 represent 


the possible states of conditioning of the two-stlmuliis elements. 




(a.j) 


a 




0 


(o,t) 


1 


0 


0 


0 


a 


b*/2 


l-b*/2 


0 


0 


T 


b*/2 


0 


l-b*/2 


0 


0 


0 


a/2 


a/2 


1-a 



Because we do not attempt e3q>erimentally to Identify the st imu li a and 



- 36 - 




T, this HEurkov process may be collapsed into a three-state process, whose 

states are siiiply the miHiber of stimuli conditioned to the correct response. 

Tn the matrix shown above a is lihe pi*obebility of conditioning fl-b the 

second stage. division by 1/2 in the matrix sin5>ly represents nhe 

equal probability of sanqpling one of the two elements. • If we consider 

b* 

only the number of stimuli, it is convenient to replace by b and 
we obtain the transition matrix shown below: 



nov have a process with four free parameters , the conditioning parameters 
a end b and the guessing probabilities and g^. In actual fact, 

in terms of the methods we shall use for analyzing data, these four para- 
meters are reduced to three, because we shall only consider response data 
prior to the last error. This means that the second conditioning para- 
meter b vjll not enter into the’ analysis of data, for the subjects must 
be in state 0 or 1 prior to the last error. Necessarily a transition 
from state 1 to 2 cannot have occurred at this sta^. 

Estimation of the three parameters can be approached! in a number of;. 
wsys. In the application considered below, we s h a l l restrict .ourselves 
to a consideration of data frOTi individual subjects, that is, the esttrna- 



1 



0 



2 1 



0 



0 



1 b 



1-b 



0 



0 0 



a 





means that we 
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tlon of parameters shall be for Individual subjects and not for group 
data. !Rils Introduces a considerable slr;g>llflcatiQn both In the esti- 
mation of parameters and the analysis of goodness of fit. It has the 
particularly desirable feature of eliminating any problems concerning 
homogeneity of parameters across subjects. 

When learning data for Individual subjects are considered^ It Is 
apparent what sort of learning curve is predicted by the two-element model 



The learning curve is simply a step function with the first step being at 
levels g^, the second at level g^^ euad the third at level 1, correspond 
ing to the probability 1 of a correct response In state 2. From analy- 
sis of Individual data it Is of course Impossible to tell exactly when a 
subject passes state 0 to state 1. What we have done is to apply 
& method uf Ifeuot r-guares xa the following manner. We divide the data 
for each subject into octiles preceding the last error. On the assusp- 
tion that the transition from state 0 to state 1 occurred at the 
J^^ octlle we fit g^ smd g^^ by the method of least squares. This 
estimation is performed for each octlle. We then select as the point of 
transition from state 0 to state 1 the octlle which has the minlimim 
least squares deviation. The equation for the least squares function 
f(j) for the J^^ octlle is as follows; 



octlle. TSaklng peurtial derivatives with respect to g^ and g^^, we then 



( 1 ) 




where Is the observed proportion of correct responses In the J 



th 
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erJc 






obtain the. following two equations, which were used tc eetinate. 

% 

and g, ! • . . r 



( 2 ) 






( 3 ) 



8 



«1 = I ’‘l 

i-J+l 

~S^ 



Ihe conqputat^oas are done for J = 1, 2, ..., 8. The case J = 8 means 
that only state 0 occurs and hence is equivalent to the one-element 
model. It should be realized in passing from the one-element to the two- 
element model that any simple operational identification of the two ele- 
ments is not possible. It is a common question to ask what the two 
elements correspond to in the stimulus material heard by the subject. 
Various psychological interpretations of the two elements can be given, 
but at the present stage of research it does not seem possible to identify 
them psychologically in any experimentally definite manner. Perhaps the 
most suggestive way to think about these two elements is that they cor- 
respond to the two most inportant aspects or properties of the stimulus 



material. 



Because of the theoretical character of the two elements postulated 



in the two-stage model, there is no real reason to restrict the analysis 
to two elements. In other experimental situations (see, for example. 
Chapter 10 of Suppes emd Atkinson (i960)) the number of stimuli has been 
estimated for the data. Because of the relatively small xrumiber of obser* 
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vat ions for Individual subjects ^ ve have not atteiqpted this extension 
in the analysis of B3q>erlment II. Biis would be possible if the data 
from subjects were cgnblned^ but we feel that in the present es^rlnent 
the heterogeneity of individual subject behavior is sufficiently great 
to argue against this approach. 

Linear model . Another alternative model that we wish to consider 
is the linear Incremental model ^th .single operator. TOie intuitive 
idea of this model is precisely the opposite of the all-or-none condition*- 
Ing model. The supposition is that learning proceeds on an Incremental 
basis. Let be the probability of an error on trial n. Then the 
model is formulated by the following recursive equation: 

where 0 < 0 < 1. It is simple to show but somewhat surprising that this 
purely Incremental model has precisely the same mean learning curve as 
the all-or-none model if we set c » 0. (To obtain this identity of the 
learning curves we must^ of course, consider all responses and not slnqply 
responses prior to the last error. ) The Incremental model does differ 
shaE^ly from the all-or-none model in the kind of learning curve pre- 
dicted for responses prior to the last error, as is evident from equation 

w- 

The estimation of q^, the initial probability of an error and 0, 
the learning rate, was performed as in the case of the two-elemfjnt model, 
by minimigtng the sum, over octiles o^ the siquared deviation beiiween the 
predicted emd observed frequencies of correct response. The eqiaatlon 




used was 



( 5 ) 



8 

e) - I 



- I 



neOj^ L 






, ^ 2 



J 



th 



where is the observed frequency of correct responses In the i 

octlle, and the Inside summation Is over all trials In that octlle. The 
parameter estimation consisted In arbitrarily fixing ^ at a predetermined 
value (the range .00 <9 < .06 proved suitable and was explored In spall 
Increments of and then computing the value which minimized 
f^q^, &). The and ^ yielding were selected as the 

parameter estimates. 

Concerning the psychological Interpretation of the linear models It 
may be remarked that It corresponds to assuming that there Is a very large 



population of stimulus elements end that a fixed proportion of these ele- 
ments are sampled on every trial (or equivalently, that each element Is 
sampled with an Independent probability 6). Prior to detailed empirical 
Investigation of goodness of fit. It Is a plausible hypothesis that for 
material as perceptually conq)llcated as the linguistic stimuli used in the 
present experiment the linear model would fit better than the simple all- 
or-none one or two-element models. In this case the assunq)tlon that the 
population of stimuli is very leu^ge corresponds psychologically to assuming 
that the subjects are responding to a very large number of aspects or 
properties of the stimulus material. 

We turn now to the experimental coapeupison of the varieps models. 

We first consider the chi-square tests for stationarlty, order, and binomial 
distribution of responses outlined above in connection with the one-ele- 
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ment model. 



Statlonarlty tests . Table l5 gives the results of stationarity chi- 
square tests at each level of concept analysis Each vas ccoqputed in 



Insert Table l6 about here 



the following manner. The data were analysed in sets of four successive 
responses in each protocol. Therefore, n(t), the number of responses in 
block t, was four multiplied by the number of protocols. Whenever the 
responses in a given protocol met the criterion of thirty successive 
correct, that protocol was eliminated from the computation. The cooqpu- 
tation was terminated after reaching the highest block number such that 
fewer thEui ha.lf of the protocols had been eliminated. The initicQ. number 
of protocols was equal to the product of the number of subjects (20 ) and 
the number of concepts at the given level of analysis (e.g., 48 for the 
1-concept, 12 for the 4-concept, one for the /p J b/ 20-concept}. So 
the Initial block size was 3840 for the 1-concept, 9^0 for the 4-cohcept, 
80 for the /p : b/ 20-concept, etc. For the 24 £ pairs (24 concept), the 
1-concept, and the /k ; x/ 4-concept, the results show significant non- 
stationarity at the .05, .02, and .01 levels of confidence, respectively. 
In all other cases, the stationarity Hypothesis is rejected at the .001 
level or beyond. When the number of degrees of freedom (one less than 
the number of blocks) for a given 5^ exceeded 30, the normal approxima- 



that there seems to be no obviaas classification of pairs into linguistically 
defined concepts such that stationarity tests on group data yield the result 
demand^ by the one-element model. 



tion 




was used. We conclude that this analysis shows 









of the hypothesis that responses on successive presentations of a given 
concept are iiodependent of each other. (Hie tests indicate independence 



Insert Table 17 about here 



only for the /kj ; xj/, /z ; zj/ and s pairs. It should be noted that 
these aa*e precisely the pairs which exhibit the lowest error rates (Table 
6). For the 4-concept, non-independence of successive responses is 
indicated at the .05 level. For the remaining concepts, the hypothesis 
of response independence is rejected at beyond the .001 lavel. It is i...* 
interesting to contrast these findings with those in Section 3* that 
analysis, the sequence of responses examined for independence was the 
subject's original sequence of responses in the order that they occurred, 
regardless of the concept type. In the present analysis "successive 
refers to instetnces of the same, concept rather than to the entire sequence 
of responses. The analyses indicate independence of successive responses, 
but not of responses to successive presentations of the seune concept. 

Tests for binomial distributi on of responses . Table 18 presents 
the results of the chi-square tests of the hypothesis that the distri- 
bution of responses prior to learning is binomial. We consider blocks 
of trials of length four, and take for each subject the highest multiple 
of the block length equal to or less than the total number of responses 
prior to last error. We then sum over subjects the total number of such 
blocks and construct the histogram of the frequency of 0, 1, 2, 3# or 
4 errors. For the 1-, 4-, /p : b/, /s : ts/, voiced-voiceless, and d 
concepts, the departures from the binomial distribution are sl(snlf leant 




at beyond the .001* level. The only concepts whose response- distributions 



Insert Table 18 aboutl here 



are not significantly different from the binomial distribution are those 
which consistently exhibit the lowest error rates. The remark made in 
conjunction with the order tests, viz., that tests based on lower pro- 
portions of errors are less likely to reveal departxires from predicted 
properties j applies here also. 

Tests for binomial distribution of response sequences . Here we look 
at sequences of responses, such as "error-correct Jifeorrect-error" within 
blocks of four successive trials. There are 2^ » 16 such sequences, and 
we wish to coi^ose the observed and predicted frequency of each sequence. 
Proceeding as with the distribution of responses, we perform a chi-square 
test of the goodness of fit of the empirical histograms. As we would 
anticipate from the results of the preceding tests, ■' ae tests of the 
hypothesis that the frequencies of the possible sequences of four succesf- 
ilve responses are bJ.’ijmlally distributed indicate significant departure 
from that distribution (Table 19 ). Even the concepts (except the s 
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concept) which yielded non-significant ^s >on:.tdxe response distrlcv’iion 
tests yielded significant 5^s on this response sequence distribution 






test. 



tabu; 

Besults of Statlonarlty Tests 



Number of 



Level of 
Analysis 


Members of 
Concept 




d.f. 


P 


Single Pair^ 


1 


7.83 


2 


<,0Si 


Fairs with Same 
Contrast and Same 
Vowel^ ( 4- concept ) 


4 


52.34 


16 


' ^ y 

<.001 


/P : V 


20 


485.42 


89 


<.001 


/s : ts/ 


20 


341.21 


117 


<4 001 


/kj ; XiJ/ 


4 


32.24 


14 


<.01 


All Voiced-Voiceless 
Stops 


52 


649.48 


137 


<.001 


a Pairs^ 


24 


16.30 


7 


<.05 


d Pairs^ 


24 


267.33 


100 


<.001 



1 



Includes only pairs which appeared in all lists. 
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TSMbUS it 



S ' 

Level of 
Analysis 


Results of Order Tests 
Runber of 

Heid>ers of 2 

Craicept )c 


d.f. 


*^5 : 

'J'P' i 


EOngie Bair^ 


1 


941.9^ 


1 


<♦001-1 


Fairs with Ssae 
Contrast and Sane 
Vowi^, {^i-concepi) 


:> 


^^.93 




3-Y fL'^vr 


/p StCM> f 


2P 


11.89 


• 1 


<.0P1 J 


/s 5 ts/ 


. 20 


31.16 


1 


<.ppl 


/k^ i i^i/ 


b 


.75 


1 


<>m - i. 


/z s *J/ 




.04 


,.:fcY 


i-.- .-,<.90r- 

*c^v /r- 


All Voiced-yoleeless 
$tops 


52 


28.03 


1 ■ 


<i00Je 1 


£ lairs^ 


2i> 


.18 


1 


<.70 I 


d Fairs^ 


2U 


41.76 


1 


<.001 



Includes only pairs uhleh appeared In all lists. 
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BeBults of Distrilmtion of ResponsOB Test* 



Level of 
Analy^sls 


Ifumber of 
Members of 
Concept 




d.f. 


.pc-"' "■ 


Single Palr^ 


1 


782.98 


3 




Bairs with Same 
Contrast and Same 
Vowel:^ . C^-concept ) 




33.03 




0 

r <.(i)l: :v 


/v i ^/ 


20 


31.85 


2 


<.001 i 


/b r iJs/ 




> 40.07 


2 


<,001 


/kj : iy/ 


1; 


.12 


1 


<;0O v ; 


All Voiced-Voiceless 
. Stops 


52 


36.31 


3 


, .. *? Si'Cy 

<.001 


8 Palrs^ 


24 


; .01 


1 


<,95- ^ 


d Bairs . 


-24 


45.94 


3 





Includes only pairs which appeeired In aill lists. 











TABLB 19 

A 



Results of 



Bistrllnition of Besponse Sequences Tests 



Humber of 



Level of 
Analysis 


Members of 
Concept 




d.f . 


P 


Single Bedr^ 


: - 1 


991.35 


13 


<.00l'-^ 


Fairs with Same 
Contrast and Same 
VowaX^ .(i»^-concept) 


/ k 


47.82 


14 


<.001 


/p 


20 


59.39 


14 


<.001 


/s £.ts/ 


20 


?8.50 


14 


<*001 ^ 


/ki t x3/ 


k 


6.10 


1 


<^02 


All Voiced-Voiceless 
Stops 


52 


75.51 


14 


<.001 


£ Bairs* 


2k 


10.12 


5 


<.ib 


d Pairs^ 


2k 


59.54 


14 


<.001 






1 



Includes only pedrs which appeeu:^ In 



all lists • 
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Wl 

1 




s 

1 


i4 


1 

3^ 


t 


S 




i 


5L6 


a 








1 


Sk2 


M 




1 


it 
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Another stationarlty prediction (Bowery 156 I) hased on the hlnomial 
properties of the one<^Ieaent aodel InTC^vee^tfae saails^e of seQuencee 
of responses hy a given subject to a given concept. The prediction Is 
that, given an error on the n'^ presentation of a cerualn concept, the 
mxnber of times that the subject misses that concept on subsequent -pre*- 
sentatlons should be Independent of n. This Is because an error., regard- 
less of \dten It occurs. Is assumed to Inply that the concept is eonq^tely 
unlearned, aence the esqpeoted number of subsequent errors, on that concept 
Is independent of n., Figures 8 and 5 show the curves of , the wmber^ 
errors plotted against n for the 1- and 4— concepts. The data are plotted 

- ^ - I r -- - " ■■ I — ■■ " 

. . Insert Figs. 8^ and 9 about here- - - : - - 

for the first half of the trials: (mtos one) at each of thevtwojlavels of 
analysis* For both the 1-concept and the Woneept the cinrvefk generaiay 
decline. Instead of remaining horiscmtal as predicted by the one^elemeot 

model. ■ ----- 

Vincent curves of group, data . The. Vincent curves for.a:glv^:pair 
type were plotted by dividing the trials prior to last error; onf that type 
into quartlles for each subject, finding the number of errors. per guartile 
and adding over subjects. Table 20 gives the number of errors and the ’ 



Insert Table 20 about here 



number of respooses per quartlle for each concept analysed. Plrom these? 




data,, the propartlons of correct reeponcea per quartlle vere grapfaed 
(Plgure 10). The«e data were aiao used to coapute dil-aqpare twta of 



Insert Fig. 10 about here 



the hypptheais that the number of errors per quartlle is stationary for 
a given concept. Bx ;ipt for the /k ‘5 x/ concept, "the obtained chi-square 
YElues Indicate significant departure from statlonarlty (!Wble 21). This 
finding agr^a vtth the correaponding analysis of the non-Vincahtized 



jteaejrtjl^ble about .here . 

' ■ - ■ M- I, W-1 I- II T I II M l, |i n, I • 

^ta (Table I 6 ) r Figure 10 shows exactly what patterns of non*stationarity 
occurred, placotthting the Xess Urteresting types /kj : xj/ and /a" : zl/, 
the general trend is an increasing, negatively' accelerated curve throu^ 
the ^firet three qoartiles, and an upward "spurt” in the fourth quartlle. 
This "hidplateau* has been found by Zeamsn et al. in studies of discrlml- 
nation I h a rn ing by retarded children ( 196 I). „It occurs between; qt» 

2 and>3 . in five* of “ttie six curves (of course, this is codaslstent with.the 
1 ,— ^T»w<| Yg curve of Figure 1). However, there are several reasons 
we do not wish to enghasize the "midplatfeau". In the first place, 
our evidence would be more convincing if the curves were based pn inde- 
pexaient observations of different sets of items. Secondly, the effect did 
not appear whenrthe 'data of Experiment I were plotted In Vincentized^ form* 
There, a monotonlcally Injgcaslng, negatively accelerated c\ave appeared 

“ 46 “ 



o 



p(correct) 




level of concept analysis. 
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TABLE Ste • ^ 

Number ilrrora n(l) in.Quarti^ i8, 3^ ^). and 

Number of Responses per Quartlle (N) at Bach Level 
of Concept Analysis 



Concept 


Number of 
Members of 
Concept 


Number of 
Members per 
Instance 


N 


n(l) 


n(2) 


n(3) ^ ,n(4) 

. .V- i 


One^ 


48 


i 1 


2182 


655 


569 


” 55^ : A96 


Pour‘d • 


12 


4 : 


5320 


819 


710 


6» 


/p : V ■ 


1 


20 


1415 


418 


334 


5IB 


: 244 


/s : ta/ . 


1 


20 5 


1539 


321 


341 




/kj : xj/ 


1 


4 


223 


26 


29 




/z : zj/ 


1 


4 


55 


5 


: 4 


,L/.a 


All Voiced- 
Voiceless Stops 




.52 


2210 


588 


489 


1*97 


- 


1 


24 


427 


74 


.55 


; 53i . ’ W 




1 


24 


1797 


628 


542 


516 


1*07 



^ Includes only pairs which appeared In all lists. 

Includes the 12 /k : g/ pairs and 20 /t : d/ pairs present In Lists 
1-6, as well bb the 20 /p : b/ pairs present In bXI lists. 
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TABLE 21 

•BeiJultP of -Stfitionarity Tests on Vlncentizid Bata 



Level of 
Analysis 


Buniber of 
Members of 
Concept 


t 


d.f. 


P 


Single Pair^ 


1 


33-99. 


3 


<.001 


Mrs ^th Same 
Contrast and Same 
Vowel* (W<mcept) 


k 


71-79 


3 


M ^ 

<.001 




: 20 


60.62 


3 


<.001 i 


/b ; ts/ 


20 


12.76 


3 




:/k3 : X3 / 


k 


1.51 


3 


<.70 


/z : «d/ 


4 


2.15 


3 


<.70 « 


All Voiced-Voiceless 
Stops 


52, 20 


50.91 


3 


<.001 


£ Pairs^ 


24 


9-73 


3 


<.05 


d Pairs^ 


24 


67-11 


3 


<.001 



Includes only pairs which appeared in all lists. 





for each concept analyzed. 



jTM^lvldnal. Vincent curves . We next considered several refinements 
in the analyses of Vincent curves: (a) the Vincent curves were plotted 
for individual subjects; (b) to permit closer evaluation of the learning 
models, the trials prior to last error were divided into octlles rather 
than into quartllea; (c) two breakdowns, each into four sets, oi? the more 
difficult pairs were studied; the sets are. indicated; below; 



_ y First 

.phir Classification 



Second 

Classification 



/v ! b/ 
h - te/ 



s vs. d /p/ vs. /b/ as first member of- pair 

£ vs. d /s/ vs. /ts/ as first meniber .of pair. 



]|$achLSe't. represents ten pairs (e.g. , the /s ; ts/ ^ class includes' ot» ; 
/s !' s/and. one /ts;: ts/ pair with each of the five vowels), (d) ©le 
preceding steps, greatly reduced the number of responses and errors per. 



octile, so the analysis was restricted to those sets of pairs idiloh » 
contained . enough errors to provide worthwhile tests of the models. One 
in^jortant fact about the Vincent curves for these "hard" sets must bembted 
viz,, that the learning criterion was not met in these cases. Hence only 
the initial portion of the preleaming trials, rather than all of them^, 
has been divided into octlles. The criterion for "enough" errors in a 
givon response sequence was more than fifteen in at least one octile . , 

(An octile could include up to 30 responses). Fifty- four such sets of 
octile data met this criterion. The first two columns of Table 22 list 
the subject; and pair type which contributed each of .these sets of data. 



Insert Table 22 about here 



Tests of the two-element e 1 linear models. 

Goo dness of fit of predicted Vincent curves . Each of three models 
MBS applied to each of the 5^ sets of octlle data. For the slope“lnter- 
cept and linear models^ two parameters were estimated separately for each 
of the sets of data. Three parameters were estimated in each case for the 
two-element model* The manner of application of the models will be dls- 
eussed next. 

Two-element model. As mentioned earlier^ this model assumes that, 
prior to the trial of last error on a given concept, the two-element 
stimulus set representing the concept may pass from the initial state in 
which neither element Is conditioned to the correct response to the Inter- 
mediate state in which one of the two elements is conditioned. Iherefore, 
before predictions regaMing the data before last error can be made, it 
is necessary to estimate the guessing probabilities g^ and g^, and the 
trial on which transfer from state 0 to state 1 ocoirred. The exact 
manner of estimating these quantities is given above (see equation (l)-(3)). 

It is of some Interest to note the distribution of the frequency of 
the various J estimates (Figure 11). According to two-element model. 



Insert Fig. 11 about here 



the passage from state 0 to state 1 occurs most often at octiles 1, 2, 6, 
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and 7, Of course, this agrees, with the "midpXateau" finding mentioned 
before. . We note that for the first J octiles, this model predicts 
the proportion of correct resjx^nses will equal g^, and for the last. 8- J 
octiles, .the proj^rtion correct should be g^^. After gj^, and J ve^ 
estimated for each of the sets of octile data, the predicted learning 
ciOTBS were plotted. The graphs of the theoretical proportion correct 
per octile are con®ared with the observed proportions in . Figures 12-43. • 






Insert Figs. 12-43 about here 




jSlppe’yl Titer cept model . It is possible that the plot, of the prppo:^ion 
correct against the octile number would be more aidequately described by a 
stmi^t line of non-zero slope than by the pair of horizont^ line seg- 
ments (Figures 12-43) which the two-element model requires. Although we 
had no fundamental grounds for preferring the slope-intercept m^el, it is 
worthwhile to determine its fit to the present data, ^y so doing we s^l 
have something against which to compare the fit of the two-el^^nt,.^^model. 
THa slope a p d intercept parameters were computed, also by the method of* 
least squares and the niTmim sum of squared deviations was computed fpr 
each of the 54 sets of octile data. As an index of the relative accuracy 
of the two-element and slope- intercept models, we may ccmg?are .the sum of 
squared deviations between predicted and observed frequencies for the two 
models. Of the 54 conq?arisons, the summed squared deviations were lower 
for the two-element model than for the slope-intercept model in 47 cases . 
Using the normal approximation to the binomial distribution, the hypothesis 
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that there is no difference between the models in the suBned sq.uared 
deviations is rejected at the .0001 significance level (z » $.38X 
54 comparisons between the linear and slope-intercept models, the sunned 
squared deviations were lower for the linear model about half the time. 

T.iTi«*ar model . The predictions of the linear mcdel were determined 
for each of the sets of octile data. The first step was to estimate 
the initial probability of an error, suid 0, the learning rate. As with 
the other models, the estimation was performed by minimizing the sum, 
over octiles, of the squared deviations between the predicted and observed 
frequencies of correct response (see equation (4-)}. However, unlike the 
situations for the other two models, an explicit algebraic soliition for 
q^ ax^ 0 in "terms of the observed quantities was prohibitively difficult. 
This problem was met by exploring & in increments of .0002 from .0000 
to .0020 (the range in which over half of the best estimates of 0 ac».ually 
fell), in Increments of .0010 to .020, and in increments of .010 there- 
after. For each of these values of ®, the q^ which produced the least sum 
of squared deviations was found. Then that single pair ^^diich 

yielded the lowest sum of squared deviations was selected as the estimate 
of q^ and 0. Using equation (4) the goodness- of- fit was confuted for each 
set of octile data. These chi>square values play a major role in our eval- 
uation ftnd conparison of the two-element and linear models. 

Evaluation of two-element and linear models . Table 22 gives the 
parameter estimates for the two-element and linear models and the results 
of the goofiness-of-fit tests. The number of degrees of freedom takes 
into account the pooling of adjacent octiles which was required to yield 





sufficient theoretical observations per cell. There lappears to be no 
consistent relation between ^ and in the two-eleaient model. The very 
small 0 values in the linear model eaqpress the fact that the learning, pro- 
ceeded very slowly. The wide inter-subject differences in ^ and 
suggest large individual variation in initial ability. ^ 

With 5 degrees of freedom a .of 11.1 is required for sigpaiflcance 
at the .05 level. With 6 degrees of freedom, the cprresponding. figure is 
12.6. Of the 5^ ^ values, nine are significant at the .05 level for 
the two-element model, and eleven for the linear model. According to this 
comparison, the two-element model is slightly superiors. An, overall eval- 
uation of the models was also performed in the f ollowii^ manner . For , 
each model, the goodness of fit was determined by summing the X? over 
all sets of data in Table 22. The sum was 291.350 for the two-element, 
model (228 degrees of freedom) and 587.32? for tlie linear model (288 degrees 
of freedom). The normal approximation yielded z = 2.8o8j p < .005 for 
the two-element model, and z =* 10.297, p < .0001. for the linear model. If 
subject .2, Set k is omitted from the linear model calculations, ^ » 392.972, 
d.f. = 283, z = 4,265, and again p < .0001. Therefore, it may be concluded 
that the deviations between either model and the data are highly signifi- 
cant. Owing to the large number of observations included in the 6uialysis, 
this fact is not surprising. A more informative measure of the ewiequacy 
of the Tnodel« consists in comparing the .sum of -their On .this basis, 

the two-element model is clearly superior. 

Some tentative conclusions . As the results Just given indicate, the 




overall comparison of the two-element and linear models is favorable to 





the two-element model. Also, both of these models fare better than the 
slB 5 >le one-element conditioning model. The not unexpected superiority of 
the two-element model to the one -element model follows from the fact that 
^ in the former model was never equal to eight, the value which reduces 
to the one-element model. The linear model is more adequate than the one- 
element model, since the case § equals zero (which reduces to the one- 
element model for our pre-learning data) rarely obtained. It is somewhat 
surprising that the two-element model turns out to be superior to the 
linear model, for as remarked earlier, the complexity of the auditory stim- 
tilus material used in the experiment could easily have led to results 
favoring the linear model. On the other hand, the goodness of fit of the 

t 

two-element model to the 5^ cases of individual data is not close enough 
to warrant the drawing of any decisive inferences concerning the nimber 
of aspects or properties of the auditory stimulus material which determine 
the response conditioning of subjects. That a stimulus sampling model with 
a small number of elements works fairly well is encouraging. In future 
work, we hope to pursue more deeply the identification of those aspects of 
the stimulus material that are most Important in determing responses, but 
we also realize that it is very likely the case that models of greater 
formal coaqplexity will be necessary adequately to account for all major 
aspects of the data. We certainly do not feel that the present application 
of mathematical learning theory to learning in a linguistic context is to 
be regarded as other than a tentative first step. 






O 







--MM 






n ’ - , i » -u.’ 







Figures 12-44 Observed and predicted (two-element modelV 
proportions correct per octile for the indicated pairs. 
Subject number appears in lower right comer. 
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Figs. 12, 13 
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Figs. 17, 18, 19 
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Figs. 20, 21, 22 , 23 
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Figs. 28. 29. 30 
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Figs. 31, 32, 33, 34 
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69 


ka-ga 






30 


sa-sa 


70 


ka-ka 






31 


za-za 


71 


ga-ga 






32 


za-sa 


72 


ga-ka 






33 


so-zo 


73 


ko-go 






34 


so-so 


74 


ko-ko 






35 


zo-zo 




go-go 






3^ 


zo-so 


76 


go-ko 






37 


su-zu 


77 


ku-gu 






38 


su-su 


78 


ku-ku 






39 


zu-zu 


79 


ga-gu 






4o 


zu-su 


8o 


gu-ku 
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Appendix B 

CV Pairs Used in Pilot Studies 




Pilot. Study 1 

k^i-kji 

kji-xji 

xji-kji 

xji-xji 


1^0- sho 

shu-shu 

shu-scu 

^u-shu 


sa-sa 




sa-tsa 

tsa-sa 


cha-cha 


tsa-tsa 


cha-tja 


se-se 


tja-cha 


se-tse 


tja-tja 


t se-se: 


uiix-cni 


tse-tse 


chi-tji 


sl-sl 


tji-chi 


si-tsi 


tji-tji 


tsi-si 


cho-cho 


tsi-tsi 


cho-tjo 


CD 

1 

CO 


tjo-cho 


su-tsu 


tjo-tjo 


tsu-su 


chu-chu 


tsu-tsu 


chu-tju 

tju-chu 


sha-sha 


tju-tju 


sha-]^^a 

w 

sca-Bha 


kpe-kje 


s&r'^^a 


k&e-tje 


Shi- Shi 

shi-^i 

i^ci-shi 


tje-kje 

tje-tje 

kji-kji 

kji-tji 


sho-sho 


tji-kji 


sho-^o 


tJi-tJi 



ka-ka 


cha-cha 


ka-xa 


cha-tsa 


xa-ka 


tsa-cha 


xa-xa 


tsa-tsa 


ko-ko 


chi-chi 


ko-xo 


chi-tsi 


xo-ko 


tsi*chi 


xo-xo 


tsi-tsi 


ku-ku 


cho- cho 


ku-xu 


cho-tso 


xu-ku 


tso-cho 


xu-xu 


tso-tso 

chu-chu 


sja-sja 


chu-tsu 


sja-tsa 


tsu-chu 


tsa-sja 

tsa-tsa 

sje-sje 

sje-tse 

tse-sje 

tse-tse 

sji-sji 

sji-tsi 

tsi-sji 

tsi-tsi 

sjo-sjo 

sjo-tso 

tso-sjo 

tso-tso 


tsu-tsu 
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Appendix B (continued) 



Pilot Study 2 . 
pi-pi 


mi -mi 


tje-tje 


Pi-Pji 


mi-mji 


tje-tse 


Pji-Pi 


mji-mi 


tse-tje 


Pji-Pji 


mji-mji 


tse-tse. 


bi-bi 


ni-ni 


tja-tja 


bi-bji 


ni-nji 


t Ja— tsa 


bji-bi 


nji-ni 


tsa-tja 


bji-bji 


nji-nji 


tsa-tsa 




tsi-tsi 


ti-ti 


li-li 


tsi-tji 


ti-tji 


li-iji 


tji-tsi 


tji-ti 


IJi-li 


tji-tji 


tji-tji 


IJi-lJi 


tjo-tjo 


di-di 


ri-ri 


tjo-tso 


di-dji 


ri-rji 


tso-tjo 


dji-di 


rji-ri 


tso-tso 


dji-dji 


rji-rji 


tju-tju 


si-si 


la-la 


.tju-tsu 

tsu-tju 


si-sji 


la-lja 


tsu-tsu 


sji-si 


Ija-la 




sji-sji 


IJa-lJa 


sje-sje 


zi-zi 


ra-ra 


^je-tse 


zi-zji 


ra-rja 


tse-sje 


zji-zi 


rja-ra 


tse-tse 


zji-zji 


rja-rja 


sju-sju 




sju-tsu 

tsu-sju 

tsu-tsu 



so-so 

so-tso 

tso-so 

tso-tso 



- 57 - 





Appendix C 

Proportions of Errors in Pilot Studies of Consonant 
Phoneme Discrimination 



Pilot Study 1 



Contrast 


Vowel 




No. of 
Items 


p( error) 




i 


• 


4 


.14 


/s ! ts/ 


a, e, i. 


u 


16 


.13 


/sh : 'it/ 




u 


16 


.06 


/ch : tj/ 


a, i, 0 , 


u 


16 


.05 


/kj : tj/ 


e, i 




8 


.03 


A ! x/ 


a^ 0 ^ u 




12 


.02 


/sj I ts/ 


a, e, i, 


0 


16 


.01 


/ch : ts/ 


a, i, 0, 


u 


16 


.00 







Appendix C (continued) 



Pilot study 2 


(Each contrast 


Involved four items) 


Contrast 


Vowel 


p( error 


/s : ts/ 


0 


.28 


A • 


1 


.17 


/I ; IJ/ 


1 


.11 


/s ; sj/ 


1 


.10 


/n ; nj/ 


1 


.09 


A : IJ/ 


a 


.08 


/sj I ts/ 


e 


.08 


/tj ; ts/ 


u 


.07 


/p : PJ/ 


1 


.06 


/d : ij/ 


1 


.06 


/r ! rj/ 


a 


.06 


/r : rj/ 


1 


.06 


/sj I ts/ 


u 


.05 


/ts : tj/ 


e 


.01^ 


/t : tj/ 


1 


.Olf 


/m : mj/ 


1 


.03 


AJ : ts/ 


a 


.02 


/tJ : ts/ 


0 


.01 


/tJ : ts/ 


,1 


.00 


A : 1>J/ 


1 


.00 
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Appendix D 

Response Dependency Analysis 

1 = error 0 » correct 
Quartile 



Sub- 

ject 


P(l| 0 ) 


p(i!D 


p(i|o) 


p(iii) 


p(l|0) 


p(ilD 


p(l|0) 


p(i|i) 


1. 


.162 


.261 


.185 


.183 


.171 


.217 


. 166 


.156 


2. 


.169 


.221 


.185 


.162 


.248 


.217 


.194 


.090 


3 . 


.185 


.230 


.211 


.250 


.225 


.258 


.133 


.120 


k. 


.062 


.241 


.038 


.067 


.024 


.000 


.030 


.000 


5 . 


.156 


.180 


.092 


.086 


.076 


.069 


.047 


.056 


6 . 


.109 


.182 


.051 


.000 


.033 


.000 


.016 


.000 


7 . 


.217 


.217 


.168 


.115 


.119 


.167 


.077 


.206 


8 . 


.109 


.163 


.060 


.000 


.042 


.063 


.011 


.000 


9 . 


.129 


.lOU 


.100 


.190 


.106 


.122 


.056 


.087 


10 . 


.U 9 


.130 


.053 


.095 


.055 


.047 


.035 


.133 


11 , 


.090 


.162 


.112 


.116 


.116 


.152 


.056 


.091 


12 . 


.058 


.045 


.038 


.067 


.041 


.000 


.033 


.077 


13 . 


.250 


.314 


.320 


.261 


.276 


.290 


.221 


.152 


lU. 


.li |0 


.196 


.142 


.237 


.146 


.145 


.093 


.059 


15 . 


.178 


.233 


.186 


.150 


.172 


.U 3 


.076 


.036 


16 . 


.163 


.190 


.098 


.154 


.066 


.080 


.027 


.000 


17 . 


.223 


.286 


.217 


.154 


.228 


.190 


.156 


.194 


18. 


.168 


.209 


.138 


.182 


.152 


.183 


.073 


.000 


19 . 


.2U7 


.292 


.273 


.299 


.288 


.356 


.261 


.275 


20 . 


.157 


.206 


.153 


.197 


.096 


.108 


.080 


.034 


Mean 

Proper 

tion 


m 

^155 


.203 


.141 


.148 


.134 


.139 


.092 


.088 
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